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(54) Fuel cells-based generator system and method of the same 



(57) The present invention provides a fuel cells- 
based generator system that prevents a catalyst in fuel 
cells from being poisoned and a potential on oxygen 
electrodes of the fuel cells from lowering, while improv- 
ing the energy efficiency. While l 2 is fed from a halogen 
tank 41 to a preliminary reaction tank 30 via a first con- 
duit 33, H 2 0 is fed from a water tank 43 to the prelimi- 
nary reaction tank 30 via a second conduit 34. The 
preliminary reaction tank 30 is heated by the heat trans- 
mitted from a stack of fuel cells FC. and the reaction 
expressed as 

H 2 0 + l 2 -> 2HI + (1/2)0 2 



. by the above reaction is dissolved in excess H 2 0 and 
fed into a reaction tank 50 via a fourth conduit 36. The 
reaction tank 50 is heated by the heat transmitted from 
the stack of fuel cells FC, and the reaction expressed as 

2HI->H 2 + I 2 

occurs in the reaction tank 50. The gaseous mixture of 
H 2 and l 2 is flown into a hydrogen purifier 60 via a sixth 
conduit 54. The hydrogen purifier 60 separates gaseous 
hydrogen H 2 from the gaseous mixture. The gaseous 
hydrogen H 2 is then fed into flows paths of gaseous 
hydrogen in the stack of fuel cells FC. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

The present invention relates to a fuel cells-based 
generator having a gas generator for producing a reac- 
tion gas containing hydrogen and fuel cells that receive 
a supply of the reaction gas from the gas generator, and io 
a method of generating electricity with the fuel cells. 

Description of the Related Art 

Fuel cells are a known device for directly converting is 
the chemical energy of a fuel to electrical energy. Each 
fuel cell generally includes an electrolyte membrane 
interposed between a pair of electrodes. The surface of 
one electrode is exposed to a hydrogen-containing gas- 
eous fuel, while the surface of the other electrode is so 
exposed to an oxygen-containing gas. The fuel cell uti- 
lizes the electrochemical reactions occurring on these 
electrodes and takes electrical energy out of the elec- 
trodes. 

A known gas generator tor producing a gaseous 25 
fuel supplied to the fuel cell is a reformer that reforms 
methanol to steam (for example, JAPANESE PATENT 
LAID-OPEN GAZETTE No. 5-21079). Steam reforming 
of methanol in the reformer is carried out through the 
following chemical reactions: 30 

CH 3 OH -> CO + 2H 2 -21 .7 kcal/mol (1 ) 

CO + H 2 0 -> C0 2 + H 2 + 9.8 kcal/mol (2) 

35 

CH3OH + H 2 0 -> C0 2 + 3H 2 -1 1 .9 kcal/mol (3) 

As clearly understood from the equation (3) repre- 
senting the reforming reaction, the reaction products by 
steam reforming are theoretically only hydrogen and 40 
carbon dioxide at the molar ratio of 3:1 . In the actual 
state, however, the reaction does not proceed 100% 
ideally, and carbon monoxide as a by-product and non- - 
reacted methanol exist after the reaction. 

In the fuel cells, carbon monoxide is adsorbed by 45 
platinum or a platinum alloy, which functions as a cata- 
lyst on the electrode for receiving the gaseous fuel, 
thereby deteriorating the catalytic function of platinum. 
This phenomenon is generally referred to as poisoning 
of the catalyst Methanol, on the other hand, passes so 
through the electrolyte membrane and reaches the 
other electrode to react with oxygen included in the oxy- 
gen-containing gas, thereby lowering the potential on 
the oxygen electrode. Methanol also deteriorates dura- 
bility of pipes constituting a flow path of gaseous fuel. ss 

In known fuel cells-based generator systems, the 
utilization ratio of the gaseous fuel in the fuel cells is lim- 
ited to 60 to 80%, in order to minimize the problems due 
to carbon monoxide and methanol. The problem of poor 



energy efficiency accordingly arises in such known fuel 
cells-based generator systems. 

SUMMARY OF THE INVENTION 

The object of the present invention is thus to pro- 
vide a fuel cells-based generator system that prevents a 
catalyst in fuel cells from being poisoned and a potential 
on oxygen electrodes of the fuel cells from lowering, 
while improving the energy efficiency. 

At least part of the above and the other related 
objects is realized by a fuel cells-based generator sys- 
tem comprising: gas producing means comprising heat- 
ing means for generating heat; and a reaction tank for 
reserving a halohydric acid and a catalyst for accelerat- 
ing decomposition of the halohydric acid, the reaction 
tank producing the hydrogen-containing reaction gas by 
thermal decomposition that occurs with the heat from 
the heating means; a fuel cell comprising a pair of elec- 
trodes with a catalyst carried thereon, to which a supply 
of the hydrogen-containing reaction gas is fed, the fuel 
cell generating an electromotive force through an elec- 
trochemical reaction of the reaction gas; and a reaction 
gas supply conduit for feeding the reaction gas pro- 
duced by the gas producing means to the fuel cell. The 
fuel cells-based generator system thus constructed is 
hereinafter referred to as the fuel cells-based generator 
system of the basic structure. 

In the fuel cells-based generator system of the 
basic structure, when the reaction tank is heated by the 
heating means, thermal decomposition occurs in the 
presence of the catalyst for accelerating decomposition 
of the halohydric acid, so as to produce hydrogen from 
the halohydric acid. The halohydric acid here repre- 
sents a solution of hydrogen halide. Hydrogen is sup- 
plied to the fuel cell as a reaction gas. The thermal 
decomposition produces only hydrogen in principle, and 
does not yield any undesirable by-products that deterio- 
rate the cell function, such as carbon monoxide and 
methanol. This structure can solve the problems of poi- 
soning the catalyst in the fuel cell and lowering the 
potential on the oxygen electrode. No yield of by-prod- 
ucts enables the 100% utilization of gaseous hydrogen 
in the fuel cell, thereby enhancing the energy efficiency. 

It is preferable that the fuel cells-based generator 
system of the basic structure further comprises heat 
transmission means for transmitting heat generated by 
the fuel cell to the heating means. The fuel cells-based 
generator system having this preferable structure is 
hereinafter referred to as the fuel cells-based generator 
system of the second structure. 

In the fuel cells-based generator system of the sec- 
ond structure, the heating means heats the reaction 
tank by utilizing the heat generated by the fuel cell. No 
additional heating means, such as an electric heater, is 
accordingly required for heating the reaction tank. This 
reduces the required number of parts and simplifies the 
structure of the whole fuel cells-based generator sys- 
tem, while having a favorable effect on energy effi- 
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ciency. The amount of heat produced by the fuel cell is 
varied with a variation in amount of electricity generated 
by the fuel cell. This structure enables an autonomous 
feedback control of the amount of the reaction gas pro- 
duced by the gas producing means, based on the 
amount of electricity generated by the fuel cell. 

In accordance with one preferable application of the 
present invention, in the fuel cells-based generator sys- 
tem of the second structure, the fuel cell is driven at a 
temperature higher than temperature of the thermal 
decomposition occurring in the reaction tank. The fuel 
cells-based generator system further comprises a cool- 
ing water flow path arranged around the fuel cell, cool- 
ing water being flown through the cooling water flow 
path. The heat transmission means comprises circula- 
tion means connected to the cooling water flow path for 
circulating the cooling water between the cooling water 
flow path and the heating means. 

This structure enables the operation temperature of 
the fuel cell to be higher than the temperature of the 
thermal decomposition occurring in the reaction tank. 
Cooling water running through the cooling water flow 
path arranged around the fuel cell is fed to the heating 
means. The reaction tank is thus sufficiently heated by 
the hot exhaust from the fuel cells. This structure utilizes 
the existing constituent, that is, the cooling water flow 
path generally arranged around the fuel cell, thereby 
further simplifying the structure of the whole fuel cells- 
based generator system. 

In accordance with another preferable application 
of the present invention, in the fuel cells-based genera- 
tor system of the second structure, the fuel ceil is driven 
at a temperature lower than temperature of the thermal 
decomposition occurring in the reaction tank. The heat 
transmission means comprises temperature increasing 
means for increasing temperature of the heat generated 
by the fuel cell to be higher than the temperature of the 
thermal decomposition. 

Although the operation temperature of the fuel cell 
is lower than the temperature of the thermal decompo- 
sition, the temperature increasing means increases the 
temperature of the heat discharged from the fuel cell 
and transmitted to the heating means to be higher than 
the temperature of the thermal decomposition. This 
enables the reaction tank to be sufficiently heated by 
the heat from the fuel cell, thereby enhancing the 
energy efficiency. 

The fuel cells-based generator system of this pref- 
erable structure may further comprise a cooling water 
flow path arranged around the fuel ceil, cooling water 
being flown through the cooling water flow path. In this 
case, the heat transmission means further comprises: a 
first flow path connected to the cooling water flow path 
for making the cooling water flown to the heating means 
via the temperature increasing means when the fuel cell 
is in operation; a second flow path bypassing the tem- 
perature increasing means for making the cooling water 
flown through the cooling water flow path to the heating 
means; detection means for detecting that the fuel cell 



Is at a stop; and control means for , when the detection 
means detects that the fuel cell is at a stop, deactivating 
the first flow path and activating the second flow path. 
When the detection means detects that the fuel cell 
5 is at a stop, the control means activates the second flow 
path, in order to enable cooling water to be directly flown 
to the heating means via the second flow path. The 
cooling water of the fuel cell bypasses the temperature 
increasing means and is directly supplied to the heating 
10 means, while the fuel cell is at a stop. The temperature 
of the cooling water is lower than the temperature of the 
thermal decomposition occurring jn the reaction tank, 
so that the reaction tank is cooled down by the cooling 
water and production of the reaction gas by the gas pro- 
fs ducing means is stopped swiftly. This structure enables 
production of the reaction gas by the gas producing 
means to be stopped without much delay at the time of 
• stopping operation of the fuel cell, while allowing the 
reaction tank to be heated by the heat from the fuel cell. 
20 In accordance with still another preferable applica- 
tion of the present invention, in the fuel cells-based gen- 
erator system of the second structure, the fuel cell is 
driven at a temperature lower than temperature of the 
thermal decomposition occurring in the reaction tank. 
25 The fuel cells-based generator system further com- 
prises: a cooling water flow path arranged around the 
fuel cell, cooling water being flown through the cooling 
water flow path; determination means for determining 
that the fuel cell is at a stop; and feed means for, when 
30 the determination means determineslhat thefuel cell is 
at a stop, feeding the cooling water through the cooling 
water flow path to the heating means. 

In this structure, the operation temperature of the 
fuel cell is lower than the temperature of the thermal 
35 decomposition. Cooling water of the fuel cell is fed to 
the heating means by the feed means at the time of 
stopping operation of the fuel cell. This structure cools 
down the reaction tank and thereby enables production 
of the reaction gas by the gas producing means to be 
40 stopped without much delay at the time of stopping 
operation of the fuel cell. 

The fuel cells-based generator system of the above 
structure may further comprise: a reserve tank for 
reserving a material, from which the halohydric acid 
45 reserved in the reaction tank is produced; and means 
for feeding the cooling water through the cooling water 
flow path to a periphery of the reserve tank at a time of 
stopping the fuel cell. 

In this structure, the operation temperature of the 
so fuel cell is lower than the temperature of the thermal 
decomposition. Cooling water of the fuel cell is fed to 
the periphery of the reserve tank for reserving the mate- 
rial of the halohydric acid, in addition to the heating 
means, at the time of stopping operation of the fuel cell. 
55 This structure cools down the material of the halohydric 
acid reserved in the reserve tank as well as the halohy- 
dric acid reserved in the reaction tank. This enables pro- 
duction of the reaction gas by the gas producing means 
to be stopped more swiftly at the time of stopping oper- 
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ation of the fuel cell. 

The fuel cells-based generator system of the basic 
structure may further comprise: a reaction gas dis- 
charge path for enabling the reaction gas fed to the first 
electrode of the fuel cell to be discharged from the fuel s 
cell; and closing means for closing the reaction gas dis- 
charge path. 

In the fuel cells-based generator system of the 
basic structure, the thermal decomposition produces 
only hydrogen in principle and yields no undesirable by- 10 
products. This realizes the 100% utilization of the reac- 
tion gas in the fuel cell and enables operation of the fuel 
cell while the reaction gas discharge path in the fuel cell 
is closed by the closing means. In case that the output 
of the fuel cell increases with an increase in loading, a 75 
greater amount of the reaction gas is required for gener- 
ating electricity in the fuel cell. Since the outlet of the 
gaseous fuel in the fuel cell is closed by the closing 
means, hydrogen existing in the reaction gas supply 
conduit from the gas producing means to the fuel cell is 20 
consumed, so as to lower the gas pressure. The 
decrease in pressure of the gas producing means 
increases the amount of the reaction gas produced by 
the gas producing means. In this manner, the amount of 
the reaction gas produced by the gas producing means 25 
increases with an increase in output of the fuel cell. 

In case that the output of the fuel cell decreases 
with a decrease in loading, on the other hand, a less 
amount of the reaction gas is required for generating 
electricity in the fuel cell. Since the outlet of the gaseous 30 
fuel in the fuel cell is closed by the closing means, 
hydrogen existing in the reaction gas supply conduit 
from the gas producing means to the fuel cell is not con- 
sumed, so as to raise the gas pressure. The increase in 
pressure of the gas producing means decreases the 35 
amount of the reaction gas produced by the gas produc- 
ing means. In this manner, the amount of the reaction 
gas produced by the gas producing means decreases 
with a decrease in output of the fuel cell. The heat bal- 
ance between the gas producing means and the fuel 40 
cell realizes the autonomous cooperative operation of 
the gas producing means and the fuel celt without any 
synchronous regulation. 

The fuel cells-based generator system of the basic 
structure may further comprise: water recovery means 45 
for condensing water vapor evolved from the fuel cell by 
the electrochemical reaction to recover water; and 
water feed means for feeding the water recovered by the 
water recovery means as a material for producing the 
halohydric acid. so 

In the fuel cell, water vapor is generally evolved on 
the cathode through the electrochemical reaction. The 
water recovery means condenses the water vapor to 
recover water, whereas the water feed means feeds the 
water as a material of the halohydric acid. In the course 55 
of operation of the fuel cell, the material of the halohy- 
dric acid is successively supplied to the reaction tank. 
This structure also prevents the exhaust gas from the 
cathode in the fuel cell from causing white fumes in the 



atmosphere. 

In accordance with one preferable application, the 
fuel cells-based generator system of the basic structure 
further comprises: a halogen tank for reserving a halo- 
gen; a water tank for reserving water; and feed means 
for feeding the halogen and water from the halogen tank 
and the water tank to the reaction tank, wherein the 
heating means is arranged in the vicinity of the reaction 
tank. In this structure, the gas producing means is fur- 
ther provided with hydrogen purification means for sep- 
arating gaseous hydrogen from the hydrogen- 
containing reaction gas produced by the reaction tank. 
The fuel cells-based generator system of this structure 
is hereinafter referred to as the fuel celts-based genera- 
tor system of the third structure. 

In the fuel cells-based generator system of the third 
structure, the feed means respectively feeds a halogen 
and water from the halogen tank and the water tank to 
the reaction tank. The reaction tank reserves the halo- 
hydric acid obtained by the reaction of the halogen with 
water. When the reaction tank is heated by the heating 
means, the halohydric acid is thermally decomposed in 
the presence of the catalyst for accelerating decomposi- 
tion of the halohydric acid. This yields a gaseous mix- 
ture of hydrogen and the halogen. The hydrogen 
purification means then separates hydrogen from the 
gaseous mixture. This structure enables the thermal 
decomposition to be readily performed with the halogen 
and water. 

In accordance with one preferable application of the 
present invention, the fuel cells-based generator system 
of the third structure comprises means for transmitting 
heat generated by the fuel cell to the halogen tank or 
means for transmitting heat generated by the fuel cell to 
the water tank. 

In this structure, at least either one of the halogen 
tank and the water tank is heated by the heat generated 
by the fuel cell. No additional heating means, such as 
an electric heater, is thus required for preliminarily heat- 
ing the halogen tank or the water tank. A supply of water 
at ordinary temperature to the reaction tank lowers the 
temperature of the reaction tank and makes the temper- 
ature unstable. A preferable technique accordingly 
heats the water tank and the halogen tank, prior to feed- 
ing water and the halogen to the reaction tank, and 
requires additional heating means, such as an electric 
heater, for that purpose. The preferable application of 
the present invention, however, does not require any 
additional heating means and thereby simplifies the 
structure of the whole fuel cells-based generator sys- 
tem. No requirement for the supplementary energy for 
the additional heating means enhances the energy effi- 
ciency. 

In accordance with another preferable application 
of the present invention, in the fuel cells-based genera- 
tor system of the third structure, the gas producing 
means further comprises oxygen purification means for 
separating oxygen from the reaction gas produced by 
the reaction tank. The fuel cells-based generator sys- 
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tern is further provided with an oxygen supply conduit 
for feeding the oxygen separated by the oxygen purifica- 
tion means to a second electrode of the fuel cell, the 
second electrode being different from the lirst electrode 
that receives a supply of the reaction gas. The fuel cells- 
based generator system of this structure is hereinafter 
referred to as the fuel cells-based generator system of 
the fourth structure. 

In the fuel cells-based generator system of the 
fourth structure, oxygen is supplied to the second elec- 
trode of the fuel cell, whereas hydrogen produced by the 
reaction tank is supplied to the first electrode. This 
structure realizes a high energy efficiency of the whole 
system. 

In accordance with one preferable application of the 
present invention, the fuel cells-based generator system 
of the fourth structure further comprises: a reaction gas 
discharge path connected to the fuel cell that receives a 
supply of the reaction gas from the gas producing 
means via the reaction gas supply conduit, a remaining 
portion of the reaction gas consumed by the fuel cell 
being discharged through the reaction gas discharge 
path; an oxygen discharge path connected to the fuel 
cell that receives a supply of oxygen from the gas pro- 
ducing means via the oxygen supply conduit, a remain- 
ing portion of the oxygen consumed by the fuel cell 
being discharged through the oxygen discharge path; a 
first valve member for regulating a gas flow passing 
through the reaction gas discharge path; a second valve 
member for regulating a gas flow passing through the 
oxygen discharge path; a first pressure sensor for 
measuring a gas pressure in the reaction gas discharge 
path; a second pressure sensor for measuring a gas 
pressure in the oxygen discharge path; andicontrol 
means for regulating valve positions of the first valve 
member and the second valve member, in order to con- 
trol the pressure difference between the gas pressure 
measured by the first pressure sensor and the gas pres- 
sure measured by the second pressure sensor to a pre- 
determined value. 

In the fuel cells-based generator system of this 
preferable structure, the control means regulates the 
valve positions of the first valve member and the second 
valve member, thereby controlling the pressure differ- 
ence between the gas pressure in the reaction gas dis- 
charge path and the gas pressure in the oxygen 
discharge path calculated by the calculation means to a 
predetermined value. 

In the process of generating electricity by the fuel 
cell, hydrogen is consumed on the anode, whereas oxy- 
gen is consumed on the cathode. The molar ratio of 
hydrogen to oxygen thus consumed is two to one. The 
molar ratio of hydrogen to oxygen produced by the ther- 
mal decomposition in the reaction tank is also two to 
one. Theoretically, supplies of hydrogen and oxygen 
produced by the gas producing means to the fuel cell 
enable consumption of both hydrogen and oxygen in 
proper quantities. In the actual state, however, varying 
gas pressures of hydrogen and oxygen both in the fuel 



cell and in the gas producing means as well as a differ- 
ence in volume between the gaseous fuel supply con- 
duit and the oxygen supply conduit prevents the ideal 
consumption of hydrogen and oxygen in proper quanti- 
5 ties. 

The fuel cells-based generator system of the above 
preferable structure solves this problem. As discussed 
above, the control means controls the pressure differ- 
ence between the gas pressure in the reaction gas dis- 

10 charge path and the gas pressure in the oxygen 
discharge path to.a predetermined value. This structure 
regulates the gas flows in both the reaction gas supply 
system and the oxygen supply system, thereby enabling 
hydrogen and oxygen produced by the gas producing 

75 means to be consumed in proper quantities by the fuel 
cell. This enhances the energy efficiency of the whole 
fuel cells-based generator system. The structure pre- 
vents the pressure difference out of a specific range 
from occurring between the hydrogen supply system 

20 and the oxygen supply system, thus ensuring the safety 
of the fuel cells-based generator system. 

In accordance with another preferable application 
of the present invention, in the fuel cells-based genera- 
tor system of the third structure, the hydrogen purifica- 

25 tton means has a filtration membrane for allowing 
selective permeation of hydrogen. The fuei cells-based 
generator system is further provided with: a, reaction 
gas discharge path connected to the fuel cell that 
receives a supply of the reaction gas from the gas pro- 

30 ducing means via the reaction gas supply conduit, a 
remaining portion of the reaction gas consumed by the 
fuel cell being discharged through the reaction gas dis- 
charge path; a regulating means for regulating a gas 
flow passing through the reaction gas discharge path; 

35 pressure difference detection means for detecting a 
pressure difference before and after the filtration mem- 
brane; and control means for regulating a valve position 
of the valve member, in order to keep the pressure dif- 
ference detected by the pressure difference detection 

40 means within a predetermined range. 

In the fuel cells-based generator system of this 
preferable structure, the control means controls the reg- 
ulating means, thereby keeping the pressure difference 
detected by the pressure difference detection means, 

45 that is, the pressure difference before and after the filtra- 
tion membrane in the hydrogen purification means, 
within a predetermined range. The amount of hydrogen 
separated by the filtration membrane in the hydrogen 
purification means generally depends upon the pres- 

so sure difference between both sides of the filtration mem- 
brane. The control of the pressure difference within the 
predetermined range maintains the amount of hydrogen 
separation at a constant level. This structure enables a 
desired amount of hydrogen to be continuously and sta- 

55 bly produced, irrespective of a variation in internal pres- 
sure of piping in the gas producing means or a variation 
in internal pressure of piping in the fuel cell. 

In accordance with another preferable application 
of the present invention, the fuel cells-based generator 
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system of the fourth structure further comprises: a reac- 
tion gas discharge path connected to the fuel cell that 
receives a supply of the reaction gas from the gas pro- 
ducing means via the reaction gas supply conduit, a 
remaining portion of the reaction gas consumed by the 
fuel cell being discharged through the reaction gas dis- 
charge path; an oxygen discharge path connected to 
the fuel cell that receives a supply of oxygen from the 
gas producing means via the oxygen supply conduit, a 
remaining portion of the oxygen consumed by the fuel 
cell being discharged through the oxygen discharge 
path; a first valve member for regulating a gas flow 
passing through the reaction gas discharge path; a sec- 
ond valve member for regulating a gas flow passing 
through the oxygen discharge path; a first sensor for 
measuring a gas flow in a flow path at an outlet of the 
hydrogen purification means; a second sensor for 
measuring a gas flow in a flow path at an outlet of the 
oxygen purification means; and control means for regu- 
lating valve positions of the first valve member and the 
second valve member, in order to enable a ratio of the 
gas flow measured by the first sensor to the gas flow 
measured by the second sensor to coincide with a ratio 
of hydrogen to oxygen consumed by the fuel cell. 

In the fuel cells-based generator system of this 
preferable structure, the control means regulates the 
valve positions of the first valve member and the second 
valve member, thereby enabling the ratio of the gas flow 
in the flow path at the outlet of the hydrogen purification 
means to the gas flow in the flow path at the outlet of the 
oxygen purification means to coincide with the ratio of 
hydrogen to oxygen consumed by the fuel cell. 

In the process of generating electricity by the fuel 
cell, hydrogen is consumed on the anode, whereas oxy- 
gen is consumed on the cathode. The molar ratio of 
hydrogen to oxygen thus consumed is two to one. The 
molar ratio of hydrogen to oxygen produced by the ther- 
mal decomposition in the reaction tank is also two to 
one. Theoretically, supplies of hydrogen and oxygen 
produced by the gas producing means to the fuel cell 
enable consumption of both hydrogen and oxygen in 
proper quantities. In the actual state, however, varying 
gas pressures of hydrogen and oxygen both in the fuel 
cell and in the gas producing means as well as a differ- 
ence in volume between the gaseous fuel supply con- 
duit and the oxygen supply conduit prevents the ideal 
consumption of hydrogen and oxygen in proper quanti- 
ties. 

Neither the hydrogen purification means nor the 
oxygen purification means realizes 100% separation of 
the desired gas. A certain portion of hydrogen or oxygen 
is discharged off with an unrequired gas component. 
The difference in principle and operating conditions 
between the hydrogen purification means and the oxy- 
gen purification means causes the ratio of hydrogen to 
oxygen thus separated to be deviated from the theoreti- 
cal ratio of two to one. The positive control is thus 
required to enable consumption of hydrogen and oxy- 
gen in proper quantities. 



The fuel cells-based generator system of the above 
preferable structure solves this problem. As discussed 
above, the control means carries out the control, in 
order to enable the ratio of the gas flow in the flow path 

5 at the outlet of the hydrogen purification means to the 
gas flow in the flow path at the outlet of the oxygen puri- 
fication means to coincide with the ratio of hydrogen to 
oxygen consumed by the fuel cell, thereby enabling 
hydrogen and oxygen produced by the gas producing 

10 means to be consumed in proper quantities by the fuel 
cell. This enhances the energy efficiency of the whole 
fuel cells-based generator system. The structure pre- 
vents the pressure difference out of a specific range 
from occurring between the hydrogen supply system 

is and the oxygen supply system, thus ensuring the safety 
of the fuel cells-based generator system. 

In accordance with still another preferable applica- 
tion of the present invention, the fuel cells-based gener- 
ator system of the basic structure further comprises a 

20 reaction gas discharge path connected to the fuel cell 
that receives a supply of the reaction gas from the gas 
producing means via the reaction gas supply conduit, a 
remaining portion of the reaction gas consumed by the 
fuel cell being discharged through the reaction gas dis- 
ss charge path. In this structure, the heating means is pro- 
vided with means for combusting the reaction gas 
discharged through the reaction gas discharge path to 
generate heat. 

This structure combusts a remaining portion of the 

30 reaction gas discharged from the fuel cell, and heats the 
reaction tank by the heat of combustion, thereby not 
requiring any supplementary fuel for heating the reac- 
tion tank and enhancing the energy efficiency. Since 
hydrogen is comprised in the remaining portion of the 

35 reaction gas discharged from the fuel cell, a specific 
device is required to treat the exhaust gas. This prefera- 
ble application, however, does not require any specif ic 
device for the treatment and thereby simplifies the struc- 
ture of the whole fuel cells-based generator system. 

40 in accordance with another preferable application 
of the present invention, the fuel cells-based generator 
system of the basic structure further comprises reserve 
means for reserving the reaction gas produced by the 
gas producing means. The heating means is provided 

45 with means for combusting the reaction gas reserved in 
the reserve means to generate heat. 

This structure enables the reaction tank to be 
heated by taking advantage of the reaction gas pro- 
duced by the gas producing means, thus not requiring 

so any supplementary fuel for heating the reaction tank 
and enhancing the energy efficiency. 

In accordance with another preferable application 
of the present invention, the fuel cells-based generator 
system of the basic structure further comprises: reserve 

55 means for reserving the reaction gas produced by the 
gas producing means; and starting-time reaction gas 
supply means for feeding the reaction gas reserved in 
the reserve means to the fuel cell through the reaction 
gas supply conduit at a time of starting operation of the 
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fuel cell. 

At the time of starting the fuel cells-based generator 
system, there is generaily.a time lag before the gas pro- 
ducing means starts working sufficiently. This preferable 
structure enables the gaseous fuel to be supplied to the 
fuel cell without much delay. 

At the time of starting the fuel cells-based generator 
system, it is impossible to heat the reaction tank by tak- 
ing advantage of the hot exhaust from the fuel cell (the 
second structure) or by combusting the remaining por- 
tion of the reaction gas discharged from the fuel cell. An 
additional electric heater is thus required for the starting 
operation. In the fuel cells-based generator system of 
the preferable structure, on the.other hand, the reaction 
gas reserved in the reserve means is supplied to the 
fuel cell at the starting time. This structure accordingly 
does not require operation of the gas producing means 
at the starting time nor the additional electric heater for 
the starting operation. This simplifies the structure of 
the whole fuel cells-based generator system. After the 
start, the fuel cell starts its operation, and the reaction 
tank can thus be heated by taking advantage of the hot 
exhaust from the fuel cell or by combusting the remain- 
ing portion of the reaction gas discharged from the fuel 
cell. 

In accordance with still another preferable applica- 
tion of the present invention, the fuel cells-based gener- 
ator system of the basic structure further comprises: 
water producing means tor producing water from a 
remaining portion of the reaction gas discharged from 
the fuel cell and an oxygen-containing gas supplied 
from outside; and water feed means for feeding the 
water produced by the water producing means as a 
material for producing the halohydric acid. 

In the course of operation of the fuel cell, the water 
producing means successively produces water as a 
material of the halohydric acid reserved in the reaction 
tank. The residual gas containing hydrogen can not be 
released to the atmosphere without any treatment. This 
structure enables the residual gas to be effectively used 
and enhances the energy efficiency of the whole sys- 
tem. 

The present invention is also directed to a method 
of generating electricity with fuel cells, which comprises 
the steps of: 

(a) generating heat; 

(b) reserving a halohydric acid produced by a reac- 
tion of a halogen with water as well as a catalyst for 
accelerating decomposition of the halohydric acid, 
and producing a gaseous mixture of hydrogen and 
another substance by thermal decomposition with 
the heat generated in the step (a); and 

(c) feeding gaseous hydrogen comprised in the 
gaseous mixture as a reaction gas to an electrode 
with a catalyst carried thereon, and generating an 
electromotive force through an electrochemical 
reaction of the reaction gas 



The method of the present invention has the same 
functions and effects as those of the fuel cells-based 
generator system of the basic structure discussed 
above. This method prevents the catalyst in the fuel cell 
5 from being poisoned and the potential on the oxygen 
electrode of the fuel cell from lowering while improving 
the energy efficiency. 

In accordance with one preferable application, the 
step (b) is carried out by taking advantage of heat gen- 
re erated by the electrochemical reaction in the step (c). 

These and other objects, features, aspects, and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
preferred embodiments with the accompanying draw- 
15 ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram schematically illustrating 
20 structure of a fuel cells-based generator system 1 
as a first embodiment according to the present 
invention; 

Fig. 2 shows each cell structure of a stack^of fuel 
cells FC; 

25 Fig. 3 is a decomposed perspective view illustrating 
the cell structure of the stack of fuel cells FC; 
Fig. 4 shows general structure of the stack of fuel 
cells FC; 

Fig. 5 schematically illustrates structure of a gas 
30 generator G; 

Fig. 6 schematically illustrates the internal structure 
of a preliminary reaction tank 30; 
Fig. 7 schematically illustrates the internal structure 
of a reaction tank 50; 
35 Fig. 8 schematically illustrates structure of another 
gas generator as a modification of the first embodi- 
ment; 

Fig. 9 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 
40 120 as a second embodiment according to the 
present invention; 

Fig. 10 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 
130 as a third embodiment according to the present 
45 invention; 

Fig. 1 1 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 
140 as a fourth embodiment according to the 
present invention; 
so Fig. 1 2 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 
150 as a fifth embodiment according to the present 
invention; 

Fig. 13 is a flowchart showing a control routine of 
55 switching the flow path of cooling water executed by 
the CPU of the electronic control unit 1 58 in the fifth 
embodiment; 

Fig. 1 4 schematically illustrates structure of another 
fuel cells-based generator system as a modif ication 
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of the fifth embodiment; 

Fig. 15 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 
1 60 as a sixth embodiment according to the present 
invention; 

Fig. 16 schematically illustrates structure of the gas 
generator G2 in the sixth embodiment; 
Fig. 17 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 
170 as a seventh embodiment according to the 
present invention; 

Fig. 18 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 
180 as an (eighth embodiment according to the 
present invention; 

Fig. 19 is a flowchart showing a routine of regulat- 
ing the back-pressure control valves executed by 
the CPU of the electronic control unit 186 in the 
eighth embodiment; 

Fig. 20 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 
200 as a ninth embodiment according to the 
present invention; 

Fig. 21 is a flowchart showing a routine of regulat- 
ing the back-pressure control valve executed by the 
CPU of the electronic control unit 208 in the ninth 
embodiment; 

Fig. 22 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 
220 as a tenth embodiment according to the 
present invention; 

Fig. 23 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 
230 as an eleventh embodiment according to the 
present invention; 

Fig. 24 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 
300 as a twelfth embodiment according to the 
present invention; 

Fig. 25 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 
310 as a thirteenth embodiment according to the 
present invention; 

Fig. 26 is a flowchart showing a switching routine 
executed by the CPU of the electronic control unit 
319 in the thirteenth embodiment; 
Fig. 27 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 
330 as a fourteenth embodiment according to the 
present invention; 

Rg. 28 is a flowchart showing a switching routine 
executed by the CPU of the electronic control unit 
319 in the fourteenth embodiment; and 
Fig. 29 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 
350 as a fifteenth embodiment according to the 
present invention. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Some modes of carrying out the present invention 

5 are described as preferred embodiments. 

Fig. 1 is a block diagram schematically illustrating a 
fuel cells-based generator system 1 as a first embodi- 
ment according to the present invention. The fuel cells- 
based generator system 1 includes a stack of phos- 

10 phate fuel cells FC for generating electricity, a gas gen- 
erator G for producing gaseous hydrogen from water 
through thermal decomposition, and a gaseous fuel 
supply conduit 3 for feeding gaseous hydrogen pro- 
duced by the gas generator G as a gaseous fuel to the 

is stack of fuel cells FC. The fuel cells-based generator 
system 1 further includes a cooling water circulation 
path 5 for circulating the cooling water, which runs 
through a cooling plate (discussed later) in the stack of 
fuel cells FC, into the gas generator G. 

20 The following describes structure of the stack of 
fuel cells FC. 

The stack of fuel cells FC consists of a plurality of 
phosphate fuel cells as mentioned above, and each unit 
cell has the structure shown in the sectional view of Fig. 

25 2 and the decomposed perspective view of Fig. 3. 
Referring to Figs. 2 and 3, each unit cell includes an 
electrolyte 1 1, an anode 12 and a cathode 13 function- 
ing as gas diffusion electrodes and arranged across the 
electrolyte 1 1 to form a sandwich structure, separators 

30 14 and 1 5 arranged across the sandwich structure and 
respectively connecting with the anode 12 and the cath- 
ode 13 to define flow paths of a gaseous fuel and flow 
paths of an oxidizing gas, and current-collecting plates 
1 6 and 1 7 arranged outside the separators 1 4 and 1 5 to 

35 work as current-collecting poles of the anode 1 2 and the 
cathode 13. 

The electrolyte 1 1 is composed of a silicon carbide 
matrix impregnated with concentrated liquid phosphoric 
acid. Here the matrix implies a base material being 

40 impregnated with and supporting phosphoric acid. Both 
the anode 12 and the cathode 13 are composed of 
porous carbon bases, on which carbon power with plat- 
inum or a platinum alloy functioning as a catalyst and 
being carried thereon is applied. 

45 The carbon powder with platinum carried thereon is 
prepared in the following manner. An aqueous solution 
of sulfitoplatinum complex is obtained by mixing an 
aqueous solution of chloroplatinic acid and sodium thio- 
sulfate. Hydrogen peroxide is added dropwise to the 

so aqueous solution of sulfitoplatinum complex with stir- 
ring. This makes colloidal platinum parti des deposit in 
the aqueous solution. Carbon black (for example, Vul- 
can XC-72 (trade mark by CABOT Corp., the USA) or 
Denka Black (trade mark by DENKI KAGAKU KOGYO 

55 K.K.)) is then added to the colloid with stirring, so that 
the colloidal platinum particles adhere to the surface of 
carbon black. The carbon black with platinum particles 
adhering thereto is separated from the solution by filtra- 
tion either under reduced pressure or under pressure, 
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washed repeatedly with deionized water (pure water), 
and completely dried at room temperature. The aggre- 
gated carbon black is ground with a grinder and heated 
in a hydrogen reducing atmosphere at 250 to 350°C for 
approximately two hours. This reduces platinum on the 
carbon black and completely removes the remaining 
chlorine, thereby completing carbon powder with plati- 
num carried thereon. 

The separators 14 and 15 are composed of dense 
carbon plates. Flow paths 14P of gaseous hydrogen or 
gaseous fuel are defined by the surface of the anode 12 
and the separator 14. The flow paths 14P also function 
as channels of water generated on the anode 12. Flow 
paths 15P of oxygen or material gas are, on the other 
hand, defined by the surface of the cathode 13 and the 
separator 15. The current-collecting plates 16 and 17 
are composed of copper (Cu). 

The above description refers to the structure of the 
unit cell in phosphate fuel cells. The stack of fuel cells 
FC has a plurality of these unit cells laid one upon 
another. Fig. 4 shows the general structure of the stack 
of fuel cells FC. Like numerals and symbols are allo- 
cated to the same elements in Fig. 4 as those in Figs. 2 
and 3. 

Referring to Fig. 4, the stack of fuel cells FC 
includes a plurality of sandwich structures 20, each of 
which consists of the electrolyte 11, the anode 12, and 
the cathode 13 as shown in Figs. 2 and 3 and is inter- 
posed between separators 21. The separators 21 are 
composed of the same material as that of the separa- 
tors 14 and 15 of the unit cell shown in Figs. 1 and 2. 
Each separator 21 has flow paths 14P of gaseous 
hydrogen formed on the side adjoining to the anode 12 
and flow paths 1 5P of oxygen formed on the side adjoin- 
ing to the cathode 13. The separator 14 having only the 
flow paths 14P of gaseous hydrogen (identical with the 
separator 14 shown in Figs. 2 and 3) is arranged outside 
a right-most sandwich structure 20R in Fig. 4. The sep- 
arator 15 having only the flow paths 15P of oxygen is 
arranged outside a left-most sandwich structure 20L 

The stack of fuel cells FC further includes cooling 
plates 22 and 23 arranged outside these separators 14 
and 15, current-collecting plates 16 and 17 arranged 
outside the cooling plates 22 and 23, end plates 26 and 
27 arranged across the whole structure via insulating 
plates 24 and 25, and clamping bolts 28 for inwardly 
clamping the end plates 26 and 27. 

The cooling plates 22 and 23 include a plurality of 
flow paths of cooling water, through which cooling water 
* supplied from the outside is circulated. Points A and B 
located at the joints of the flow paths connecting with 
the cooling plates 22 and 23 are connected to the cool- 
ing water circulation path 5. so that cooling water run- 
ning through the cooling plates 22 and 23 is flown into 
the gas generator G via the cooling water circulation 
path 5. 

Although the stack of fuel cells FC includes three 
unit cells in the example of Fig. 4, the unit cells included 
in the stack of fuel cells FC are not restricted to this 



number. The cooling plates are arranged on both ends 
of the stack of fuel cells FC in the example of Fig. 4, but 
a cooling plate may be interposed between each pair of 
unit cells. 

5 The following describes structure of the gas gener- 
ator G. Fig. 5 schematically illustrates structure of the 
gas generator G. The gas generator G is provided with 
two reaction tanks 30 and 50 used for the thermal 
decomposition carried out in a stepwise manner, in the 

10 description below, the reaction tank 30 on the first stage 
is referred to as the preliminary reaction tank, for the 
purpose of distinction from the reaction tank 50 on the 
latterstage. 

Fig. 6 schematically illustrates the internal structure 

is of the preliminary reaction tank 30. Referring to Figs. 5 
and 6, the preliminary reaction tank 30 has a vessel 32 
with a cover 31. First to third conduits 33, 34, and 35 
pass through the cover 31 to have the respective lower 
ends arranged above the liquid surface in the vessel 32, 

20 whereas fourth and fifth conduits 36 and 37 pass 
through the cover 31 to have the respective lower ends 
arranged below the liquid surface in the vessel 32. 

A halogen tank 41 disposed outside the gas gener- 
ator G for reserving iodine (l 2 ), a halogen, is connected 

25 to the first conduit 33. I 2 is pumped up with a pump 42 
and fed into the preliminary reaction tank 30 via the first 
conduit 33. A water tank 43 disposed outside the gas 
generator G for reserving water (H 2 0) is connected to 
the second conduit 34. H 2 0 is pumped up with a pump 

30 44 and fed into the preliminary reaction tank 30 via the 
second conduit 34. The third conduit 35 is connected to 
the outside for discharging a gas (0 2 ) produced in the 
preliminary reaction tank 30 to the outside by means of 
a pump 46. 

35 The fourth conduit 36 and the fifth conduit 37 are 
respectively connected to the reaction tank 50. The 
solution (H 2 0 with HI (hydrogen iodide) dissolved 
therein) is thereby circulated between the preliminary 
reaction tank 30 and the reaction tank 50 by means of 

40 pumps 48 and 49 respectively disposed in the fourth 
conduit 36 and the fifth conduit 37. 

The vessels 32 of the preliminary reaction tank 30 
is further provided with an impeller 38 (Fig. 6), which 
stirs the solution in the vessel 32. Cooling plates 39a 

45 and 39b functioning as heating means are arranged 
around the vessel 32. The cooling plates 39a and 39b 
include a plurality of flow paths of cooling water, through 
which cooling water supplied from the outside is circu- 
lated. 

so Fig. 7 schematically illustrates the internal structure 
of the reaction tank 50. Referring to Figs. 5 and 7. like 
the preliminary reaction tank 30. the reaction tank 50 
has a vessel 52 with a cover 51 . The fourth conduit 36 
connecting with the preliminary reaction tank 30 passes 

55 through the cover 51 to have its lower end arranged 
above the liquid surface in the vessel 52. A sixth conduit 
54 also passes through the cover 51 to have its lower 
end arranged above the liquid surface in the vessel 52. 
The fifth conduit 37 connecting with the preliminary 
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reaction tank 30 is connected to the bottom of the ves- 
sel 52. 

The sixth conduit 54 is connected to a hydrogen 
purifier 60. so as to feed a gas (a gaseous mixture of H 2 
and l 2 ) produced in the reaction tank 50 to the hydrogen 5 
purifier 60 by means of a pump 62. 

The reaction tank 50 is preferably composed of 
active carbon, more specifically active carbon treated 
with an alkali solution, such as KOH {potassium hydrox- 
ide) or NaOH (sodium hydroxide), to have basic tunc- 10 
tional groups on the surface thereof. The active carbon 
functions as a catalyst for accelerating thermal decom- 
position of a halohydric acid fed into the reaction tank 
50. Further preferable is addition of a reducing agent, 
such as cobalt oxide (CoO), tin oxide (SnO), tungsten 75 
oxide (W0 2 ), lead oxide (PD2O3), platinum oxide (PtO), 
or titanium, to the active carbon. 

The vessel 52 of the reaction tank 50 is further pro- 
vided with an impeller 58 (see Fig. 7), which stirs the 
solution in the vessel 52. Cooling plates 59a and 59b 20 
are arranged around the vessel 52. The cooling plates 
59a and 59b include a plurality of flow paths of cooling 
water, through which cooling water supplied from the 
outside is circulated. The cooling plates 59a and 59b 
around the reaction tank 50 are linked with the cooling 25 
plates 39a and 39b around the preliminary reaction tank 
30, and are further connected to the cooling plates 22 
and 23 in the stack of fuel cells FC via the cooling water 
circulation path 5. Heat produced by the operation of the 
stack of phosphate fuel cells FC is 170 to 220°C. The 30 
heat is transmitted to the preliminary reaction tank 30 
via the cooling water circulation path 5. 

Since the operation temperature of the phosphate 
fuel cells exceeds 100°C, cooling water running through 
the cooling water circulation path 5 is circulated under 35 
pressure by means of a circulation pump 90 (see Fig. 
1). This prevents cooling water from being boiled. 
Another liquid heat medium having a boiling point 
higher than the operation temperature of the stack of - 
fuel cells FC, for example, silicone oil, may be used 40 
instead of cooling water. 

The hydrogen purifier 60 separates gaseous hydro- 
gen (H2) from the gaseous mixture of H 2 and l 2 fed from 
the reaction tank 50, and includes a hydrogen filter hav- 
ing a filtration membrane that selectively allows perme- 45 
ation of hydrogen. The filtration membrane is prepared 
by forming a dense palladium membrane on the surface 
of a metal or porous ceramics according to a physical or 
chemical process, such as plating, depositing, or spat- 
tering. The pressure difference between both sides of so 
the palladium membrane is kept at a predetermined or 
greater level, so that only hydrogen can selectively pass 
through the palladium membrane. 

Referring to Figs. 6 and 7, the first through the sixth 
conduits 33 to 37 and 54 have valves 71 through 78 that ss 
are disposed in the vicinity of the connections with the 
reaction tanks 30 and 50 to arbitrarily open and close 
the conduits 33 to 37 and 54. 

The following descrtoes operation of the gas gener- 



ator G thus constructed. While l 2 is fed from the halogen 
tank 41 to the preliminary reaction tank 30 via the first 
conduit 33, H 2 0 is feud from the water tank 43 to the 
preliminary reaction tank 30 via the second conduit 34. 
The preliminary reaction tank 30 is heated to be not 
lower than 60°C or more preferably not lower than 80°C 
by the heat transmitted from the stack of fuel cells FC, 
and the reaction expressed by Equation (4) occurs in 
the preliminary reaction tank 30: 

H a O + 1 2 -» 2HI + (1/2)0 2 . (4) 

The 0 2 gas produced by the reaction of Equation 
(4) is discharged to the outside via the third conduit 35. 
HI produced by the reaction of Equation (4) is dissolved 
in excess H 2 0 and fed into the reaction tank 50 via the 
fourth conduit 36. The reaction tank 50 is heated by the 
heat transmitted from the stack of fuel cells FC, and the 
reaction expressed by Equation (5) occurs in the reac- 
tion tank 50: 

2HI -> H 2 + l 2 (5) 

The reaction shown by Equation (5) represents 
thermal decomposition in the presence of the active car- 
bon. The active carbon enables thermal decomposition 
at relatively low temperatures of not lower than 80°C or 
more preferably not lower than 140°C. The gaseous 
mixture of H 2 and l 2 produced by the reaction of Equa- 
tion (5) is fed to the hydrogen purifier 60 via the sixth 
conduit 54. The hydrogen purifier .60 separates gaseous 
hydrogen (H 2 ) from the gaseous mixture of H% and l 2 . A 
certain portion of HI dissolved in the solution supplied 
through the fourth conduit 36 is consumed by the reac- 
tion of Equation (5). The solution with a less amount of 
HI is then fed into the preliminary reaction tank 30 via 
the fifth conduit 37. Circulation of the Hl-containing solu- 
tion between the preliminary reaction tank 30 and the 
reaction tank 50 enables the concentration of HI to be 
kept at a desired high level in the reaction tank 50. 

Referring back to Fig. 1, the gaseous fuel supply 
conduit 3 connects the discharge of the gas generator G 
with the flow paths 14P of gaseous hydrogen in the 
stack of fuel cells FC. In accordance with a concrete 
structure, the in-f low ends of the plurality of flow paths 
14P of gaseous hydrogen disposed in the stack of fuel 
cells FC are joined to a manifold (not shown), and the 
gaseous fuel supply conduit 3 connects the manifold 
with the discharge of the hydrogen purifier 60 included 
in the gas generator G. 

As discussed above, in the fuel cells-based genera- 
tor system 1 of the first embodiment, gaseous hydrogen 
is produced from water by thermal decomposition in the 
gas generator G and supplied as a gaseous fuel to the 
stack of fuel cells FC. The thermal decomposition yields 
only hydrogen and oxygen in principle, and does not 
give undesirable by-products that cause deterioration of 
the cell functions, such as carbon monoxide and meth- 
anol. This structure accordingly solves the problems of 
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poisoning the catalyst in the fuel cells and lowering the 
potential on the oxygen electrode. No generation of by- 
products enables 100% use of gaseous hydrogen in the 
stack of fuel cells FC, thereby enhancing the energy effi- 
ciency. 

In the structure of the first embodiment, cooling 
water is circulated between the stack of fuel cells FC 
and the gas generator G via the cooling water circula- 
tion path 5. This structure enables the preliminary reac- 
tion tank 30 and the reaction tank 50 in the gas 
generator G to be heated by the heat discharged from 
the phosphate fuel cells. No additional heating means, 
such as heaters, is thus required for heating the reac- 
tion tanks 30 and 50 This favorably simplifies the struc- 
ture of the gas generator G. Utilization of the hot 
exhaust hom the stack of fuel cells FC in the gas gener- 
ator G enhances the energy efficiency of the whole fuel 
cells-based generator system 1. The amount of heat 
produced by the rue* cefls is varied with the amount of 
electricity generated by the fuel cells. This allows auton- 
omous feedback control of the amount of the gas pro- 
duced by the gas generator G according to the amount 
of electricity generated by the fuel cells. 

In the fuel cefls -based generator system 1 of the 
first embodiment a radiator (not shown) may be dis- 
posed in the middle of the cooling water circulation path 
5. This regulates the temperature of cooling water, 
thereby readily controlling the temperature in the stack 
of fuel cells FC. 

In the fuel cells-based generator system 1, oxide 
electrolyte fuel celts, molten carbonate fuel cells, and 
direct methanol fuel cells may be used in place of the 
phosphate fuel cells. Any fuel cells having the operation 
temperature higher than the heating temperature of the 
gas generator G can be used in the fuel cells-based 
generator system 1. 

In the structure of the first embodiment, cooling 
water running through the stack of fuel cells FC is circu- 
lated around the preliminary reaction tank 30 and the 
reaction tank 50 in the gas generator G. In addition to 
this structure, a cooling plate 92 that is connected to the 
cooling water system may be disposed around the hal- 
ogen tank 41 and the water tank 43 as shown in Fig. 8, 
in order to enable the cooling water to be circulated 
around the halogen tank 41 and the water tank 43. The 
modified structure allows the halogen tank 41 and the 
water tank 43 as well as the preliminary reaction tank 30 
and the reaction tank 50 in the gas generator G to be 
heated by the heat generated by the stack of fuel cells 
FC. This structure accelerates the thermal decomposi- 
tion without any additional heating means, such as elec- 
tric heaters, for preliminarily heating the halogen tank 
41 and the water tank 43. This simplifies the structure of 
the whole fuel cells-based generator system 1 and does 
not require any energy for the additional heating means, 
thereby enhancing the energy efficiency. 

In the above modified structure, the gas generator 
G, the halogen tank 41. and the water tank 43 are all 
heated by the heat of cooling water. Another possible 



structure may heat either one of the halogen tank 41 
and the water tank 43 in addition to the gas generator G, 
or only heat either one of the halogen tank 41 and the 
water tank 43. 

s In the structure of the first embodiment, cooling 
water running through the stack of fuel cells FC is flown 
into the gas generator G, and the preliminary reaction 
tank 30 and the reaction tank 50 included in the gas 
generator G are heated by the hot exhaust from the 

10 stack of fuel cells FC. In accordance with another possi- 
ble structure, the gas generator G may be heated by 
additional heating means, such as a burner. Although 
requiring the additional heating means, this modified 
structure enables hydrogen to be produced from water 

75 by thermal decomposition and thereby does not yield 
any by-products other than hydrogen and oxygen. No 
generation of by-products enables 100% use of gase- 
ous hydrogen in the stack of fuel cells FC, thereby 
enhancing the energy efficiency. 

20 Fig. 9 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 120 as 
a second embodiment according to the present inven- 
tion. Referring to Fig. 9, the fuel cells-based generator 
system 120 of the second embodiment includes a stack 

25 of fuel cells FC2 and a cooling water circulation path 
125 as different constituents from those of the fuel cells- 
based generator system 1 of the first embodiment. The 
other constituents, that is, the gas generator G and the 
gaseous fuel supply conduit 3, are identical with those 

30 of the first embodiment. 

The stack of fuel cells FC2 in the second embodi- 
ment consists of a plurality of polymer electrolyte fuel 
cells. In the stack of polymer electrolyte fuel cells FC2, 
an ion-exchange membrane primarily composed of a 

35 polymer material, such as a fluororesin, is used as the 
electrolyte. The other structure is substantially simitar to 
that of the phosphate fuel cells in the first embodiment. 
The operation temperature of the polymer electrolyte 
fuel cells is approximately 80°C. 

40 The cooling water circulation path 125 includes a 
first circulation path 125a connecting with the flow paths 
of cooling water in the stack of fuel cells FC2 and a sec- 
ond circulation path 125b connecting with the cooling 
plates 39a, 39b, 59a, and 59b (see Fig. 5) disposed 

45 around the preliminary reaction tank 30 and the reaction 
tank 50 in the gas generator G. A heat pump 129 is 
interposed between the first circulation path 125a and 
the second circulation path 125b. The heat pump 129 
has a known structure that enables heat transmission 

so from the lower-temperature side to the higher-tempera- 
ture side, and raises the temperature of the heat gener- 
ated by the operation of the stack of fuel cells FC2 to be 
higher than the operation temperature of the gas gener- 
ator G. 

55 In the fuel cells-based generator system 120 of the 
second embodiment, the operation temperature of the 
stack of polymer electrolyte fuel cells FC2 is relatively 
low. and the heat pump 129 is accordingly used to raise 
the temperature of the cooling water which is circulated 
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around the preliminary reaction tank 30 and the reaction 
tank 50 in the gas generator G. Like in the first embodi- 
ment, in the fuel cells-based generator system 120 of 
the second embodiment, the hot exhaust from the stack 
of fuel cells FC2 is used to heat the reaction tanks 30 
and 50 in the gas generator G. This enhances the 
energy efficiency of the whole fuel cells-based genera- 
tor system 120. tn the second embodiment, the heat 
pump 129 is used as the supplementary heating means 
for heating the cooling water fed to the reaction tanks 30 
and 50 in the gas generator G. The required capacity of 
the heat pump 129 is accordingly not high, and the 
small heat pump 129 is sufficiently used for the supple- 
mentary purpose. This simplifies the structure of the 
gas generator G, like the first embodiment. 

Any fuel cells having the operation temperature 
lower than the heating temperature of the reaction tanks 
30 and 50 included in the gas generator G are applica- 
ble to the fuel cells-based generator system 120. Such 
fuel cells include alkali fuel cells and regenerative fuel 
ceils with a fluoride ion -exchange membrane, other 
than the polymer electrolyte fuel cells. 

Fig. 10 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 130 as 
a third embodiment according to the present invention. 
Referring to Fig. 10, the fuel cells-based generator sys- 
tem 130 of the third embodiment has a similar structure 
to that of the fuel cells-based generator system 1 of the 
first embodiment, except a cooling water circulation 
path 105. 

The cooling water circulation path 105 is provided 
with a distributor 132 for branching off the circulated 
cooling water, a conduit 134 for returning the cooling 
water branched off by the distributor 1 32 into the cooling 
water circulation path 105, and a radiator 136 disposed 
in the middle of the conduit 134. The flow of cooling 
water branched off by the distributor 132 is determined 
in advance to be a fixed value, according to a predeter- 
mined ratio of the heat generated by the stack of fuel 
cells FC, which enables the gas generator G to be 
appropriately heated. 

In the fuel cells-based generator system 130 of the 
third embodiment, the amount of heat fed to the gas 
generator G is appropriately regulated by the distributor 
132. This allows the gas generator G to produce a 
required amount of gaseous hydrogen for the stack of 
fuel cells FC. 

Fig. 1 1 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 140 as 
a fourth embodiment according to the present invention. 
Referring to Fig. 1 1 , the fuel cells-based generator sys- 
tem 140 of the fourth embodiment includes the gas gen- 
erator G, the stack of fuel cells FC, and the gaseous fuel 
supply conduit 3 connecting the gas generator G with 
the stack of fuel cells FC, which are all identical with 
those in the first embodiment. The fourth embodiment 
does not have the cooling water circulation path 5 
included in the first embodiment. Although the flow 
paths of cooling water in the stack of fuel cells FC are 



omitted from the illustration of Fig. 11, the fuel cells- 
based generator system 140 includes a circulation path 
that connects with the flow paths of cooling water run- 
ning through the stack of fuel cells FC. The cooling 

5 water is circulated in the stack of fuel cells FC, while a 
radiator disposed in the middle of the circulation path 
cools down the cooling water. 

The discharge ends of the plurality of flow paths 
14P of gaseous hydrogen in the stack of fuel cells FC 

w are joined to a manifold (not shown), which connects 
with a gaseous fuel discharge conduit 142. A back-pres- 
sure control valve 144 is disposed in the course of the 
gaseous fuel discharge conduit 142 (as close as possi- 
ble to the upstream end). 

is The back-pressure control valve 144 is generally in 
a closed position to close the gaseous fuel discharge 
conduit 142. In case that the internal pressure of the 
gaseous fuel discharge conduit 142 exceeds a prede- 
termined level, the back-pressure control valve 144 is 

20 switched to an open position to release the gaseous fuel 
and return the internal pressure to the predetermined 
level. The back-pressure control valve 144 effectively 
prevents the internal pressure of the gaseous fuel dis- 
charge conduit 142 from abruptly increasing with the 

25 ceased output from the stack of fuel cells FC. 

When the output from the stack of fuel cells FC is 
increased with an increase in loading, a greater amount 
of gaseous hydrogen is required for generation of elec- 
tricity in the stack of fuel cells FC. In the fuel cells-based 

30 generator system 140 of the fourth embodiment, the 
gaseous fuel discharge conduit 142 connecting with the 
stack of fuel cells FC is generally closed by the back- 
pressure control valve 144. The increase in output 
causes the gaseous hydrogen existing in the passage 

35 between the gas generator G and the discharge ends of 
the flow paths 14P of gaseous hydrogen to be con- 
sumed. This lowers the gas pressure and increases the 
amount of the gas produced by the preliminary reaction 
tank 30 and the reaction tank 50 in the gas generator G. 

40 Namely an increase in loading results in increasing the 
amount of consumption of gaseous hydrogen in the 
stack of fuel cells FC, and the gas generator G carries 
out the autonomous feedback control of the amount of 
gas production, according to the increase in consump- 

45 tion. 

When the output from the stack of fuel cells FC is 
decreased with a decrease in loading, a smaller amount 
of gaseous hydrogen is required for generation of elec- 
tricity in the stack of fuel cells FC. As mentioned above, 

so the gaseous fuel discharge conduit 1 42 connecting with 
the stack of fuel celts FC is generally closed by the 
back-pressure control valve 144. The decrease in out- 
put causes the gaseous hydrogen existing in the pas- 
sage between the gas generator G and the discharge 

55 ends of the flow paths 14P of gaseous hydrogen to be 
not sufficiently consumed. This raises the gas pressure 
and decreases the amount of the gas produced by the 
preliminary reaction tank 30 and the reaction tank 50 in 
the gas generator G. Namely a decrease in loading 
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results in decreasing the amount of consumption of gas- 
eous hydrogen in the stack of fuel cells FC, and the gas 
generator G carries out the autonomous feedback con- 
trol of the amount of gas production, according to the 
decrease in consumption. 5 

In this manner, in the fuel cells-based generator 
system 140 of the fourth embodiment, the amount of 
gas production by the gas generator G is autonomously 
regulated according to the amount of gas consumption 
in the stack of fuel cells FC. This enables the gas gener- w 
ator G to produce an appropriate amount of gaseous 
fuel according to the operating condition of the stack of 
fuel cells FC. The fuel cells-based generator system 
140 does not have any electronics-based forcible regu- 
lator of gas production, and thus realizes a favorably is 
simplified structure. 

In the structure of the fourth embodiment, a simple 
on-off valve may be used, in place of the back-pressure 
control valve 1 44. The on-off valve is in a closed posi- 
tion during the operation of the stack of fuel cells FC, in 20 
order to maintain the internal pressure of the passage 
between the gas generator G and the discharge ends of 
the flow paths 14P of gaseous hydrogen at a fixed level. 
This modified structure exerts the same effects as those 
of the fourth embodiment. 25 

The cooling water circulation path 5 of the first 
embodiment may be added to the structure of the fourth 
embodiment. Like the first embodiment, this modified 
structure enables the preliminary reaction tank 30 and 
the reaction tank 50 in the gas generator G to be heated 30 
by the hot exhaust from the stack of fuel cells FC, 
thereby enhancing the energy efficiency. 

Fig. 12 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 150 as 
a fifth embodiment accorcfing to the present invention. 35 
Referring to Fig. 12, the fuel cells-based generator sys- 
tem 1 50 of the fifth embodiment includes the gas gener- 
ator G, the stack of fuel cells FC2, the gaseous fuel 
supply conduit 3, the cooling water circulation path 125, 
and the heat pump 1 29, which are identical with those of 40 
the fuel cells-based generator system 1 20 of the second 
embodiment. The fuel cells-based generator system 
150 further includes a by-pass 156 that connects with 
the cooling water circulation path 125 and bypasses the 
heat pump 129, and flow path-switching valves 151 45 
through 1 54 arranged at the respective intersections of 
the by-pass 156 and the cooling water circulation path 
125. A circulation pump 157 is disposed in the middle of 
the by-pass 156. 

The flow path-switching valves 151 through 154 so 
switch the flow path of cooling water between the cool- 
ing water circulation path 125 via the heat pump 129 
and the by-pass 156. These valves 151 through 154 are 
switched between a first position for making the cooling 
water flow through the cooling water circulation path ss 
125 and a second position for making the cooling water 
flow through the by-pass 156, in response to a control 
signal from an electronic control unit 158 

The electronic oontrol unit 158 is constructed as a 



logic circuit including a microcomputer, and has known 
elements, such as a CPU. a ROM, a RAM, and an 
input/output circuit. The electronic control unit 158 
changes the positions of the respective flow path- 
switching valves 151 through 154 based on the state of 
the stack of fuel cells FC2 (in operation or at a stop), 
thereby switching the flow path of cooling water 
between the passage running through the heat pump 
129 and the passage bypassing the heat pump 129. 

Fig. 13 is a flowchart showing a control routine of 
switching the flow path of cooling water executed by the 
CPU of the electronic control unit 158. 

When the program enters the routine of Fig. 13, the 
CPU of the electronic control unit 158 determines 
whether the stack of fuel cells FC2 is in operation or at 
a stop at step S151. The determination is, for example/ 
based on a signal from a fuel cells-activating switch (not 
shown). When the stack of fuel cells FC is determined to 
be in operation at step S151, the respective flow path- 
switching valves 151 through 154 are changed to the 
first position at step S152, in order to make the cooling 
water flow through the cooling water circulation path 
125 via the heat pump 1 29. When the stack of fuel cells 
FC is determined to be at a stop at step S151,- on the 
contrary, the respective flow path-switching valves 151 
through 1 54 are changed to the second position at step 
S153, in order to make the cooling water flow through 
the by-pass 156. 

After execution of either step S152 or S153, the 
program goes to RETURN and exits from this routine. 

In the fuel cells-based generator system 150 of the 
fifth embodiment constructed as above, while the stack 
of fuel cells FC2 is in operation, the cooling water run- 
ning through the stack of fuel cells FC2 is heated by the 
heat pump 129 prior to being fed into the gas generator 
G. While the stack of fuel cells FC2 is at a stop, on the 
other hand, the cooling water running through the stack 
of fuel cells FC2 is fed into the gas generator G without 
heating. In case that the stack of fuel cells FC2 is at a 
stop, the low-temperature cooling water is directly sup- 
plied to the gas generator G without being heated by the 
heat pump 129, so as to cool down the reaction tanks 
30 and 50 in the gas generator G and stop the produc- 
tion of the reaction gas in the reaction tanks 30 and 50 
without delay. This structure enables the gas production 
to be quickly ceased while the stack of fuel cells FC2 is 
at a stop. 

In the structure of the fifth embodiment, while the 
stack of fuel cells FC2 is at a stop, the cooling water is 
fed from the stack of fuel cells FC2 via the by-pass 156 
to the gas generator G. As shown in Fig. 14, in accord- 
ance with another possible structure, the by-pass 156 
further connects with conduits 41a and 43a formed in 
the halogen tank 41 and the water tank 43, so as to ena- 
ble the cooling water to be circulated around the halo- 
gen tank 41 and the water tank 43 as well as in the gas 
generator G. In the drawing of Fig. 14, the same ele- 
ments as those of the f ifth embodiment are expressed 
by like numerals and symbols. Like the fifth embodi- 
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ment, the flow path-switching valves 151 through 154 
shown by the closed circles switch the flow path of cool- 
ing water between the cooling water circulation path 
1 25 via the heat pump 1 29 and the by-pass 1 56 bypass- 
ing the heat pump 129. 

While the stack of fuel cells FC2 is at a stop, this 
modified structure enao'es the low-temperature cooling 
water without being heated by the heat pump 129 to be 
fed to the halogen tank 41 and the water tank 43 as well 
as the gas generator G. This cools down water and hal- 
ogen, which are the materials of thermal decomposi- 
tion, and further ensures a quick stop of gas production 
in the reaction tanks 30 and 50. Namely this structure 
enables the gas production to be more quickly ceased 
while the stack of fuel cells FC2 is at a stop. 

In the above modified structure, cooling water is fed 
to the gas generator G, the halogen tank 41, and the 
water tank 43. Another possible structure may feed the 
cooling water to either one of the halogen tank 41 and 
the water tank 43 in addition to the gas generator G. 

in the structure of the fifth embodiment, the cooling 
water running through the. stack of fuel cells FC2 is 
heated by the heat pump 129 prior to being fed into the 
gas generator G. while the stack of fuel cells FC2 is in 
operation. It is, however, not always required to heat the 
gas generator G by utilizing the hot exhaust from the 
stack of fuel cells FC2. Additional heating means, such 
as electric heaters, may alternatively be used to heat 
the gas generator G. In this alternative structure, cool- 
ing water is fed from the stack of fuel cells FC2 to the 
gas generator G only when the stack of fuel cells FC2 is 
at a stop. This structure enables the additional heating 
means to be quickly ceased while the stack of fuel cells 
FC2 is at a stop. In this alternative structure, cooling 
water running through the stack of fuel cells FC2 may be 
fed to the halogen tank 41 and the water tank 43 as well 
as the gas generator G. 

Fig. 15 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 160 as 
a sixth embodiment according to the present invention. 
Referring to Fig. 15, the fuel cells-based generator sys- 
tem 160 of the sixth embodiment includes a gas gener- 
ator G2, the stack of fuel cells FC, the gaseous fuel 
supply conduit 3, the cooling water circulation path 5, 
and an oxygen supply conduit 164. The stack of fuel 
cells FC, the gaseous fuel supply conduit 3, and the 
cooling water circulation path 5 are identical with those 
of the first embodiment The only difference from the 
first embodiment is the structure of the gas generator 
G2 and the oxygen supply conduit 164 for feeding oxy- 
gen produced by the gas generator G2 to the stack of 
fuel cells FC. 

Fig. 1 6 schematically illustrates structure of the gas 
generator G2 in the sixth embodiment. Referring to Fig. 
16, the gas generator G2 has the same constituents as 
those of the gas generator G of the first embodiment 
(shown by like numerals and symbols), except that an 
oxygen purifier 169 disposed in the vicinity of the outlet 
of the third conduit 35. 



The oxygen purifier 169 separates 0 2 from the gas 
fed from the preliminary reaction tank 30 via the third 
conduit 35, and includes an oxygen filter having a filtra- 
tion membrane that selectively allows permeation of 

5 oxygen. The gas fed from the preliminary reaction tank 
30 via the third conduit 35 is limited to 0 2 in principle, 
but is actually contaminated with halogen or halohydric 
acid. The oxygen purifier 169 strictly separates only 0 2 . 
In the fuel cells-based generator system 160 of the 

10 sixth embodiment, both oxygen produced in the prelim- 
inary reaction tank 30 and hydrogen produced in the 
reaction tank 50 are supplied from the gas generator G2 
to the stack of fuel cells FC. This structure further 
enhances the energy efficiency of the whole fuel cells- 

75 based generator system 1 60. 

Fig. 1 7 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 170 as 
a seventh embodiment according to the present inven- 
tion. Referring to Fig. 17, the fuel cells-based generator 

20 system 170 of the seventh embodiment includes the 
gas generator G2, the stack of fuel cells FC, the gase- 
ous fuel supply conduit 3, the oxygen supply conduit 
164, and the cooling water circulation path (not shown), 
which are identical with those of the sixth embodiment. 

25 The fuel cells-based generator system 170 further 
includes a condenser 172 disposed at the discharge 
ends of the plurality of flow paths 1 5P of oxygen defined 
by the cathodes 1 3 and the separators 21 in the stack of 
fuel cells FC. 

30 The condenser 1 72 condenses water vapor to pro- 
duce water, and recovers water vapor, which is gener- 
ated at the cathodes in the stack of fuel cells FC 
accompanied by generation of electricity, as liquid 
water. The outlet of the condenser 172 is connected to 

35 the water tank 43 for supplying water to the gas genera- 
tor G2 (identical with the water tank 43 in the first 
embodiment) via a water feed conduit 174, so that water 
produced by the condenser 172 is supplied to the water 
tank 43. In the course of operation of the stack of fuel 

40 cells FC, the materials required for the thermal decom- 
position are successively supplied to the gas generator 
G2. This reduces the required size of the water tank 43 
and the required amount of water reserve. This struc- 
ture also prevents the exhaust gas from the cathodes in 

45 the stack of fuel cells FC from causing white fumes in 
the atmosphere. 

Fig. 18 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 180 as 
an eighth embodiment according to the present inven- 

so tion. Referring to Fig. 18, the fuel cells-based generator 
system 180 of the eighth embodiment includes the gas 
generator G2, the stack of fuel cells FC, the gaseous 
fuel supply conduit 3, the oxygen supply conduit 164, 
and the cooling water circulation path (not shown), 

55 which are identical with those of the sixth embodiment. 
The fuel cells-based generator system 180 further 
includes a hydrogen discharge path 182 at the dis- 
charge ends of the flow paths 1 4P of gaseous hydrogen 
in the stack of fuel cells FC and an oxygen discharge 
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path 184 at the discharge ends of the flow paths 15P of 
oxygen. The remaining gases from the stack of fuel cells 
FC are accordingly discharged through the discharge 
paths 1 82 and 1 84. The hydrogen discharge path 1 82 is 
provided with a first pressure sensor 182a and a first 
back-pressure control valve 182b, whereas the oxygen 
discharge path 184 is provided with a second pressure 
sensor 184a and a second back-pressure control valve 
184b. 

The first and the second pressure sensors 182a 
and 184a are disposed respectively at the gas outlets 
on the side of the anode 1 2 and on the side of the cath- 
ode 13, and are electrically connected to an electronic 
control unit 186. The first and the second back-pressure 
control valves 182b and 184b for regulating the valve 
positions in the paths are also electrically connected to 
the electronic control unit 186 and change their valve 
positions in response to control signals from the elec- 
tronic control unit 186. The electronic control unit 186 is 
constructed as a logic circuit including a microcomputer, 
and has known elements, such as a CPU, a ROM, a 
RAM, and an input/output circuit. The electronic control 
unit 186 regulates the valve positions of the back-pres- 
sure control valves 182b and 184b, thereby keeping the 
pressure difference between the gas pressure in the 
hydrogen discharge path 182 and the gas pressure in 
the oxygen discharge path 184 within a predetermined 
range. 

Fig. 19 is a flowchart showing a routine of regulat- 
ing the back-pressure control valves executed by the 
CPU of the electronic control unit 186. The routine of 
regulating the back-pressure control valves is carried 
out repeatedly at predetermined time intervals by the 
CPU of the electronic control unit 186. 

When the program enters the routine of Fig. 19, the 
CPU of the electronic control unit 186 first reads meas- 
urements P1 and P2 of the first pressure sensor 182a 
and the second pressure sensors 184a at step S190. 
The CPU then subtracts the observed value P2 of the 
second pressure sensor 184a from the observed value 
Pi of the first pressure sensor 182a and stores the 
result of subtraction as a pressure difference AP at step 
S191. It is determined at step S192 whether or not the 
pressure difference AP is greater than the sum of a pre- 
determined value dP and a small margin a. 

When the answer is affirmative at step S192, that is, 
when AP is determined to be greater than dP + a, the 
program determines that the gas pressure in the hydro- 
gen discharge path 182 is excessively larger than the 
gas pressure in the oxygen discharge conduit 184 and 
proceeds to steps S193 and S194. The CPU increases 
a valve position V1 of the first back-pressure control 
valve 182b by a predetermined amount vO at step S193 
so as to decrease the pressure in the hydrogen gas 
supply system, while decreasing a valve position V2 of 
the second back-pressure control valve 184b by the 
predetermined amount vO at step S194 so as to 
increase the pressure in the oxygen supply system. 

When the answer is negative at step S192, on the 



other hand, the program proceeds to step S195, at 
which h is determined whether or not the pressure dif- 
ference AP calculated at step S191 is smaller than the 
difference obtained by subtracting the small margin a 

5 from the predetermined value dP. 

When the answer is affirmative at step S1 95, that is, 
when AP is determined to be smaller than dP - a, the 
program determines that the gas pressure in the oxygen 
discharge path 184 is excessively larger than the gas 

10 pressure in the hydrogen discharge conduit 182 and 
proceeds to steps S1 96 and S1 97. The CPU decreases 
the valve position V1 of the first back-pressure control 
valve 182b by the predetermined amount vO at step 
S196 so as to increase the pressure in the hydrogen 

is gas supply system, while increasing the valve position 
V2 of the second back-pressure control valve 184b by 
the predetermined amount vO at step S197 so as to 
decrease the pressure in the oxygen supply system. 
After execution of either step S194 or step S197, 

20 the program goes to RETURN and exits from this rou- 
tine. When the answer is negative at step S195, the 
pressure difference AP is kept within a specific range 
around the predetermined value dP. In this case, the 
program determines that no change is required for the 

25 valve positions of the first and the second back-pres- 
sure control valves 182b and 184b and goes to 
RETURN to exit from the routine. . f 

The procedure of regulating the back-pressure con- 
trol valves executed by the electronic control unit 186 

30 enables the pressure difference AP between the gas 
pressure P1 in the hydrogen discharge path 182 and 
the gas pressure P2 in the oxygen discharge path 184 
to be kept in a specific range of (dP - a) to (dP + a). The 
specific range of (dP - a) to (dP + a) is experimentally 

35 determined in advance, in order to enable the ratio of 
the gas flow in the hydrogen supply system to the gas 
flow in the oxygen supply system from the gas genera- 
tor G2 to the stack of fuel cells FC to coincide with the 
ratio of hydrogen to oxygen consumed in the stack of 

40 fuel cells FC. 

As discussed above, in the fuel cells-based genera- 
tor system 180 of the eighth embodiment, the pressure 
difference AP between the gas pressure P1 in the 
hydrogen discharge path 182 and the gas pressure P2 

45 in the oxygen discharge path 184 is kept within the 
range specified above. This structure regulates the gas 
flows in both the gaseous fuel supply system and the 
oxygen supply system, and enables hydrogen and oxy- 
gen produced by the gas generator G2 to be consumed 

so in proper quantities by the stack of fuel cells FC. This . 
enhances the energy efficiency of the whole fuel cells- 
based generator system 180. This structure prevents 
the pressure difference out of the specific range from 
occurring between the hydrogen, supply system and the 

55 oxygen supply system, thereby ensuring the safety of 
the fuel cells-based generator system 1 80. 

Fig. 20 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 200 as 
a ninth embodiment according to the present invention. 
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Referring to Fig. 20, the fuel cells-based generator sys- 
tem 200 of the ninth embodiment includes the gas gen- 
erator G, the stack of fuel cells FC, the gaseous fuel 
supply conduit 3, and the cooling water circulation path 
(not shown), which are identical with those of the first $ 
embodiment. The fuel cells-based generator system 
200 further includes a hydrogen discharge path 202 at 
the discharge ends of the flow paths 14P of gaseous 
hydrogen in the stack of fuel cells FQ The remaining 
hydrogen from the stack of fuel cells FC is discharged w 
through the hydrogen discharge path 202. A back-pres- 
sure control valve 204 is disposed in the hydrogen dis- 
charge path 202. 

At irst pressure sensor 206a and a second pressure 
sensor 206b are respectively disposed before and after is 
the hydrogen purifier 60 in the gas generator G. These 
pressure sensors 206a and 206b are electrically con- 
nected to an electronic control unit 208. The back-pres- 
sure control valve 204 for regulating the valve position in 
the path is also electrically connected to the electronic 20 
control unit 208 and changes its valve position in 
response to a control signal from the electronic control 
unit 208. The electronic control unit 208 is constructed 
as a logic circuit including a microcomputer, and has 
known elements, such as a CPU. a ROM, a RAM, and 25 
an input/output circuit. The electronic control unit 208 
regulates the valve position of the back-pressure control 
valve 204, thereby keeping the pressure difference 
between the gas pressure at the inlet of the hydrogen 
purifier 60 and the gas pressure at the outlet of the 30 
hydrogen purifier 60 within a predetermined range. 

Fig. 21 is a flowchart showing a routine of regulat- 
ing the back-pressure control valve executed by the 
CPU of the electronic control unit 208. The routine of 
regulating the back-pressure control valve is carried out 35 
repeatedly at predetermined time intervals by the CPU 
of the electronic control unit 208. 

When the program enters the routine of Fig. 21 , the 
CPU of the electronic control unit 208 first reads meas- 
urements PI and P2 of the first pressure sensor 206a 40 
and the second pressure sensors 206b at step S210. 
The CPU then subtracts the observed value P2 of the 
second pressure sensor 206b from the observed value 
P1 of the first pressure sensor 206a and stores the 
result of subtraction as a pressure difference AP at step 45 
S21 1 . It is determined at step S212 whether or not the 
pressure difference AP is greater than the sum of a pre- 
determined value dP2 and a small margin p. 

When the answer is affirmative at step S21 2, that is, 
when AP is determined to be greater than dP2 + p, the so 
program determines that the gas pressure at the inlet of 
the hydrogen purifier 60 is excessively larger than the 
gas pressure at the outlet of the hydrogen purifier 60 
and proceeds to step S21 3. The CPU decreases a valve 
position V of the back-pressure control valve 204 by a ss 
predetermined amount v1 at step S213, so as to 
increase the gas pressure at the outlet of the hydrogen 
purifier 60. 

When the answer is negative at step S212, on the 



other hand, the program proceeds to step S214, at 
which it is determined whether or not the pressure dif- 
ference AP calculated at step S21 1 is smaller than the 
difference obtained by subtracting the small margin p 
from the predetermined value dP2. 

When the answer is affirmative at step S214, that is, 
when AP is determined to be smaller than dP2 - p, the 
program determines that the gas pressure at the outlet 
of the hydrogen purifier 60 is excessively larger than the 
gas pressure at the inlet of the hydrogen purifier 60 and 
proceeds to step S215. The CPU increases the valve 
position V of the back-pressure control valve 204 by the 
predetermined .amount v1 at step S215. so as to 
decrease the pressure at the outlet of the hydrogen 
purifier 60. 

After execution of either step S213 or step S215, 
the program goes to RETURN and exits from this rou- 
tine. When the answer is negative at step S214, the 
pressure difference AP is kept within a specific range 
around the predetermined value dP2. In this case, the 
program determines that no change is required for the 
valve position of the back-pressure control valve 204 
and goes to RETURN to exit from the routine. 

The procedure of regulating the back-pressure con- 
trol valve executed by the electronic control unit 208 
enables the pressure difference AP between the gas 
pressure P1 at the inlet of the hydrogen purifier 60 and 
the gas pressure P2 at the outlet of the hydrogen puri- 
fier 60 to be kept in a specific range of (dP2 • p) to (dP2 
+ p). The specific range of (dP2 - p) to (dP2 + p) repre- 
sents the pressure difference required for the hydrogen 
filtration membrane in the hydrogen purifier 60 to keep 
the stable amount of hydrogen production and is exper- 
imentally determined in advance. 

As discussed above, in the fuel cells-based genera- 
tor system 200 of the ninth embodiment, the pressure 
difference AP between the gas pressure P1 at the inlet 
of the hydrogen purifier 60 and the gas pressure P2 at 
the outlet of the hydrogen purifier 60 is kept within the 
range specified above. This structure enables a desired 
amount of hydrogen to be continuously and stably sup- 
plied by the hydrogen purifier 60. 

Fig. 22 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 220 as 
a tenth embodiment according to the present invention. 
The fuel cells-based generator system 220 of the tenth 
embodiment has the structure related to the hydrogen 
supply system in the ninth embodiment for both the 
hydrogen supply system and the oxygen supply system. 
Referring to Fig. 22, the fuel cells-based generator sys- 
tem 220 includes the gas generator G2, the stack of fuel 
cells FC, the gaseous fuel supply conduit 3, the oxygen 
supply conduit 164, and the cooling water circulation 
path (not shown), which are identical with those of the 
sixth embodiment The fuel cells-based generator sys- 
tem 220 further includes a hydrogen discharge path 222 
at the discharge ends of the flow paths 14P of gaseous 
hydrogen in the stack of fuel cells FC and an oxygen 
discharge path 223 at the discharge ends of the flow 
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paths 15P of oxygen. The remaining gases from the 
stack of fuel cells FC are accordingly discharged 
through the discharge paths 222 and 223. The hydro- 
gen discharge path 222 and the oxygen discharge path 
223 are respectively provided with a first back-pressure 
control valve 224 and a second back-pressure control 
valve 225. 

A first pressure sensor 227a and a second pressure 
sensor 227b are respectively disposed before and after 
the hydrogen purifier 60 in the gas generator G2. A third 
pressure sensor 228a and a fourth pressure sensor 
228b are respectively disposed before and after the 
oxygen purifier 169 in the gas generator G2. These 
pressure sensors 227a, 227b, 228a, and 228b are elec- 
trically connected to an electronic control unit 229. 

The first and the second back-pressure control 
valves 224 and 225 for regulating the valve positions in 
the paths are also electrically connected to the elec- 
tronic control unit 229 and change their valve positions 
in response to control signals from the electronic control 
unit 229. The electronic control unit 229 is constructed 
as a logic circuit including a microcomputer, and has 
known elements, such as a CPU, a ROM, a RAM, and 
an input/output circuit. In the same manner as the con- 
trol procedure of the ninth embodiment, the electronic 
control unit 229 regulates the valve position of the first 
back-pressure control valve 224, thereby keeping the 
pressure difference between the gas pressure at the 
inlet of the hydrogen purifier 60 and the gas pressure at 
the outlet of the hydrogen purifier 60 within a predeter- 
mined range. In the same manner as the ninth embodi- 
ment, the electronic control unit 229 regulates the valve 
position of the second back-pressure control valve 225, 
thereby keeping the pressure difference between the 
gas pressure at the inlet of the oxygen purifier 169 and 
the gas pressure at the outlet of the oxygen purifier 1 69 
within a predetermined range. 

The structure of the tenth embodiment independ- 
ently controls the hydrogen supply system and the oxy- 
gen supply system and keeps both the pressure 
difference between the inlet and the outlet of the hydro- 
gen purifier 60 and the pressure difference between the 
inlet and the outlet of the oxygen purifier 169 within the 
respective predetermined ranges. This structure ena- 
bles a desired amount of hydrogen to be continuously 
and stably supplied by the hydrogen purifier 60. while 
enabling a desired amount of oxygen to be continuously 
and stably supplied by the oxygen purifier 169. 

The control procedure executed by the electronic 
control unit 229 of the tenth embodiment may be modi- 
fied in the following manner. The CPU of the electronic 
control unit 229 calculates a first pressure difference 
AP1 before and after the hydrogen purifier 60 based on 
the measurements of the first pressure sensor 227a and 
the second pressure sensor 227b. and calculates a sec- 
ond pressure difference AP2 before and after the oxy- 
gen purifier 169 based on the measurements of the 
third pressure sensor 228a and the fourth pressure sen- 
sor 228b. The difference between the first pressure dif- 



ference AP1 and the second pressure difference AP2 is 
then defined as AP. The CPU regulates the valve posi- 
tions of the first and the second back-pressure control 
valves 224 and 225 based on the difference AP. This 
s procedure is identical with the processes after step 
S192 in the flowchart of Fig. 19 of the eighth embodi- 
ment. 

Like the eighth embodiment, this modified structure 
can appropriately regulate the ratio of the gas flow in the 
w gaseous fuel supply system to the gas flow in the oxy- 
gen supply system. This structure enables hydrogen 
and oxygen produced by the gas generator G2 to be 
consumed in proper quantities by the stack of fuel cells 
FC. 

is Fig. 23 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 230 as 
an eleventh embodiment according to the present 
invention. Referring to Fig. 23, the fuel cells-based gen- 
erator system 230 of the eleventh embodiment has a 

20 similar structure to that of the eighth embodiment shown 
in Fig. 18, except that the first and the second pressure 
sensors 182a and 184a are omitted and that a first flow 
sensor 232a is disposed in the middle of the gaseous 
fuel supply conduit 3 and a second flow sensor 232b is 

25 disposed in the middle of the oxygen supply conduit 
164. In the eleventh embodiment shown in Fig. 23. the 
same elements as those in the eighth embodiment are 
expressed by like numerals and symbols. 

The first and the second flow sensors 232a and 

30 232b are electrically connected to the electronic control 
unit 186. The electronic control unit 186 regulates the 
valve positions of the first and the second back-pres- 
sure control valves 182b and 184b based on the meas- 
urements of the first and the second flow sensors 232a 

35 and 232b, thereby enabling the difference between the 
flow of gaseous hydrogen through the hydrogen dis- 
charge path 1 82 and the flow of oxygen through the oxy- 
gen discharge path 184 to be kept within a 
predetermined range. 

40 The procedure of regulating the back-pressure con- 
trol valves executed by the CPU of the electronic control 
unit 186 in the eleventh embodiment is not described 
specifically. Briefly speaking, the measurements P1 and 
P2 of the pressure sensors 192a and 184a in the flow- 

45 chart of Fig. 19 of the eighth embodiment are replaced 
by the measurements of the flow sensors 232a and 
232b, and the control is carried out to keep the differ- 
ence between the measurements of the flow sensors 
232a and 232b within a predetermined range. 

so The structure of the eleventh embodiment enables 
the ratio of the flow of gaseous hydrogen through the 
flow path at the outlet of the hydrogen purifier 60 to the 
flow of oxygen through the flow path at the outlet of the 
oxygen purifier 169 to coincide with the ratio of hydro- 

55 gen to oxygen consumed by the stack of fuel cells FC. 
The structure accordingly enables hydrogen and oxy- 
gen produced by the gas generator G2 to be consumed 
in proper quantities by the stack of fuel cells FC. This 
enhances the energy efficiency of the whole fuel cells- 
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based generator system 230. This structure prevents 
the pressure difference out of the specific range from 
occurring between the hydrogen supply system and the 
oxygen supply system, thereby ensuring the safety of 
the fuel cells-based generator system 230. 

Fig. 24 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 300 as 
a twelfth embodiment according to the present inven- 
tion. Referring to Fig. 24, the fuel cells-based generator 
system 300 of the twelfth embodiment includes the gas 
generator G, the stack of fuel cells FC, and the gaseous 
fuel supply conduit 3, which are identical with those of 
the first embodiment. The fuel cells-based generator 
system 300 further includes a gas burner 302 for heat- 
ing the gas generator G. 

The gas burner 302 is connected to a hydrogen dis- 
charge path 304, which is formed at the discharge ends 
of the flow paths 14P of gaseous hydrogen in the stack 
of fuel cells FC, via a conduit 306. The gas burner 302 
combusts the remaining hydrogen from the stack of fuel 
cells FC, which is discharged through the hydrogen dis- 
charge path 304. More specifically, the gas burner 302 
is used to heat the preliminary reaction tank 30 and the 
reaction tank 50 included in the gas generator G. 

In the fuel cells-based generator system 300 of the 
twelfth embodiment the reaction tanks 30 and 50 in the 
gas generator G are heated by the remaining hydrogen 
from the stack of fuel cells FC. No additional fuel is thus 
required for the gas burner 302. This enhances the 
energy efficiency of the whole fuel cells-based genera- 
tor system 300. A special device is generally required 
for treatment of the remaining hydrogen discharged 
from the stack of fuel cells FC. This structure, however, 
does not require any special device for the treatment of 
the remaining hydrogen, thereby simplifying the struc- 
ture of the whole fuel cells-based generator system 300. 

Fig. 25 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 310 as 
a thirteenth embodiment according to the present inven- 
tion. Referring to Fig. 25, the fuel cells-based generator 
system 310 of the thirteenth embodiment includes the 
gas generator G, the stack of fuel cells FC, and the gas- 
eous fuel supply conduit 3, which are identical with 
those of the first embodiment. The fuel cells-based gen- 
erator system 310 further includes a switching element 
312 in the middle of the gaseous fuel supply conduit 3. 
A hydrogen reserve tank 31 5 is connected to the switch- 
ing element 312 via a conduit 314. 

The switching element 312 changes the gas flow 
path between a direction A from the gas generator G to 
the stack of fuel cells FC. a direction B from the gas gen- 
erator G to the hydrogen reserve tank 315, and a direc- 
tion C from the hydrogen reserve tank 315 to the stack 
of fuel cells FC. The switching element 312 carries out 
the switching operation in response to a control signal 
output from an electronic control unit 319. Although not 
being illustrated in Fig. 25, pumps are actually arranged 
at appropriate positions to enable the gas flows in the 
directions A through C. 



Fig. 26 is a flowchart showing a switching routine of 
the switching element 312 executed by the. CPU of the 
electronic control unit 319. The routine of Fig. 26 is exe- 
cuted repeatedly at predetermined time intervals. When 

s the program enters the routine of Fig. 26, the CPU of the 
electronic control unit 319 first determines the state of 
the stack of fuel cells FC, that is, in operation, at a stop, 
or at a start; based on, for example, the position of an 
external switch at step S321. When the stack of fuel 

w cells FC is determined to be in operation, the switching 
element 312 is switched to the position of the direction 
A at step S322. When the stack of fuel cells FC is deter- 
mined to be at a stop, the switching element 312 is 
switched to the position of the direction B at step S323. 

75 When the stack of fuel cells FC is determined to be at a 
start, on the other hand, the switching element 312 is 
switched to the position of the direction C at step S324. 
After execution of any one of steps S322, S323, and 
S324, the program goes to RETURN and exits from this 

20 routine. 

While the stack of fuel cells FC is in operation, the 
switching element 312 is switched to the position of the 
direction A so as to enable a supply of gaseous fuel 
from the gas generator G to the stack of fuel cells FC. 

25 When the stack of fuel cells FC is at a stop, the switch- 
ing element 312 is switched to the position of the direc- 
tion B so as to enable a supply of gaseous fuel or 
gaseous hydrogen from the gas generator G to the 
hydrogen reserve tank 315. 

30 At the time of stopping the generator system, the 
gas generator G does not stop immediately but contin- 
ues producing gaseous hydrogen for a while, although 
the stack of fuel cells FC stops its operation without 
delay. The switching operation for feeding gaseous 

35 hydrogen from the gas generator G to the hydrogen 
reserve tank 315 allows the gaseous hydrogen pro- 
duced by the gas generator G after the stop of the gen- 
erator system to be effectively utilized. A modified 
structure carries out the control to enable a continuous 

40 operation of the gas generator G until the hydrogen 
reserve tank 315 is filled up, after the stack of fuel cells 
FC immediately stops its operation at the time of stop- 
ping the generator system. 

In the fuel cells-based generator system 310 of the 

45 thirteenth embodiment, when the stack of fuel cells FC 
is at a start, the switching element 312 is switched to the 
position of the direction C so as to enable a supply of 
hydrogen from the hydrogen reserve tank 315 to the 
stack of fuel cells FC. This structure realizes the follow- 
so ing effects. 

At a start of the fuel cells-based generator system, 
there is generally a time lag before the gas generator G 
starts working sufficiently. The structure of the thirteenth 
embodiment enables the gaseous fuel to be supplied to 

55 the stack of fuel cells FC immediately after the start of 
the generator system. At a start of the fuel cells-based 
generator system, it is generally impossible to heat the 
reaction tanks 30 and 50 included in the gas generator 
G by taking advantage of the hot exhaust from the stack 
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of fuel cells FG. An electric heater is accordingly 
required for the starting operation. The structure of the 
fuel ceils-based generator system 310 of the thirteenth 
embodiment, however, enables a supply of hydrogen 
from the hydrogen reserve tank 315 to the stack of fuel 
cells FC at the start of the generator system. This struc- 
ture accordingly does not require operation of the gas 
generator G at the starting time nor require any electric 
heater for the starting operation. This simplifies the 
structure of the whole fuel cells-based generator system 
310. 

In the normal driving state, the stack of fuel cells FC 
starts its operation. The reaction tanks 30 and 50 
included in the gas generator G can thus be heated by 
taking advantage of the hot exhaust from the stack of 
fuel cells FC (structure of the first embodiment) or by 
combusting the remaining gaseous fuel from the stack 
of fuel cells FC (structure of the twelfth embodiment). 

Fig. 27 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 330 as 
a fourteenth embodiment according to the present 
invention. Referring to Fig. 27, the fuel cells-based gen- 
erator system 330 of the fourteenth embodiment has a 
similar structure to that of the thirteenth embodiment, 
except that the fourteenth embodiment includes a gas 
burner 332 for heating the gas generator G. a conduit 
334 for connecting the hydrogen reserve tank 315 with 
the gas burner 332, and a solenoid valve 336 for open- 
ing and closing the conduit 334. In the fourteenth 
embodiment shown in Fig. 27, the same elements as 
those of the thirteenth embodiment are expressed by 
like numerals and symbols. 

Like the twelfth embodiment, the gas burner 332 
heats the preliminary reaction tank 30 and the reaction 
tank 50 included in the gas generator G. The switching 
element 312 changes the gas flow path between a 
direction A from the gas generator G to the stack of fuel 
cells FC and a direction B from the gas generator G to 
the hydrogen reserve tank 315. The switching element 
312 carries out the switching operation in response to a 
control signal output from the electronic control unit 319. 
The solenoid valve 336 is electrically connected to the 
electronic control unit 319, and opens and closes the 
conduit 334 in response to a control signal from the 
electronic control unit 319. 

Fig. 28 is a flowchart showing a switching routine of 
the switching element 312 executed by the CPU of the 
electronic control unit 31 9. The routine of Fig. 28 is exe- 
cuted repeatedly at predetermined time intervals. When 
the program enters the routine of Fig. 28, the CPU of the 
electronic control unit 319 first determines the state of 
the stack of fuel cells FC. that is. in operation, at a stop, 
or at a start, based on, for example, the position of an 
external switch at step S341. When the stack of fuel 
cells FC is determined to be in operation, the switching 
element 312 is switched to the position of the direction 
A at step S342 and the solenoid valve 336 is switched to 
a closed position at step S343. When the stack of fuel 
cells FC is determined to be at a stop at step S341 , the 



switching element 312 is switched to the position of the 
direction B at step S344 and the solenoid valve 336 is 
switched to the closed position at step S345. When the 
slack of fuel cells FC is determined to be at a start at 

5 step S341 , on the other hand, the solenoid valve 336 is 
switched to an open position at step S346. After execu- 
tion of any one of steps S343, S345, and S346, the pro- 
gram goes to RETURN and exits from this routine. 
Like the thirteenth embodiment, while the stack of 

10 fuel cells FC is in operation, the switching element 312 
is switched to the position of the direction A so as to 
enable a supply of gaseous fuel from the gas generator 
G to the stack of fuel cells FC. When the stack of fuel 
cells FC is at a stop, the switching element 312 is 

is switched to the position of the direction B so as to ena- 
ble a supply of gaseous hydrogen from the gas genera- 
tor G to the hydrogen reserve tank 315. When the stack 
of fuel cells FC is at a start, on the other hand, the sole- 
noid valve 336 is switched to the open position, and the 

20 gas burner 31 7 is lit by taking advantage of the gaseous 
hydrogen stored in the hydrogen reserve tank 315. 

At a start of the fuel cells-based generator system, 
there is generally a time lag before the gas generator G 
starts working suff iciently by taking advantage of the hot 

25 exhaust from the stack of fuel cells FC. Namely a.supply 
of fuel can not be fed to the stack of fuel cells FC imme- 
diately after the start. The structure of the fourteenth 
embodiment, however, has the gas burner 332 for heat- 
ing the gas generator G and enabling the operation of 

30 the gas generator G immediately after the start of the 
generator system. This does not require any electric 
heater for the starting operation and thereby simplifies 
the structure of the whole fuel cells-based generator 
system 330. 

35 In the normal driving state, the stack of fuel cells FC 
starts its operation. Instead of the structure of the 
embodiment that utilizes the gaseous hydrogen stored 
in the hydrogen reserve tank 3 1 5 to light the gas burner 
317, an alternative structure heats the reaction tanks 30 

40 and 50 included in the gas generator G by taking advan- 
tage of the hot exhaust from the stack of fuel cells FC 
(structure of the first embodiment) or by combusting the 
remaining gaseous fuel from the stack of fuel cells FC 
(structure of the twelfth embodiment). 

45 Fig. 29 is a block diagram schematically illustrating 
structure of a fuel cells-based generator system 350 as 
a fifteenth embodiment according to the present inven- 
tion. Referring to Fig. 27, the fuel cells-based generator 
system 350 of the fifteenth embodiment includes the 

so gas generator G, the stack of fuel cells FC, the gaseous 
fuel supply conduit 3, and the cooling water circulation 
path (not shown), which are identical with those of the 
first embodiment. The fuel cells-based generator sys- 
tem 350 further includes a hydrogen discharge path 352 

55 at the discharge ends of the flow paths 1 4P of gaseous 
hydrogen in the stack of fuel cells FC. A catalytic reac- 
tion vessel 354 is connected to the hydrogen discharge 
path 352. 

The catalytic reaction vessel 354 filled with plati- 
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num catalyst receives gaseous hydrogen flown through 
the hydrogen discharge path 352 and the atmospheric 
air and makes the air and hydrogen react on the surface 
of the platinum catalyst to produce water. Although the 
desirable catalyst is platinum, platinum alloy catalysts 
including one or two other elements may be used 
instead, for the purpose of cost reduction and long dura- 
tion. Examples of such elements added to platinum 
include ruthenium, nickel, cobalt, palladium, rhodium, 
iridium, iron, chromium, and vanadium. Instead of filling 
the reaction vessel with platinum, another possible 
application carries platinum on ceramic carriers or metal 
carriers (for example, iron, aluminum). These carriers 
may have the shape of beads, pellets, discs, balls, or 
monoliths. 

The output of the catalytic reaction vessel 354 is 
connected to the water tank 43 for feeding water to the 
gas generator G (identical with the water tank 43 of the 
first embodiment) via a water feed conduit 356. Water 
produced by the catalytic reaction vessel 354 is fed to 
the water tank 43 by means of a pump 358 disposed in 
the water feed conduit 356. In the course of operation of 
the stack of fuel cells FC, the materials required for the 
thermal decomposition are successively supplied to the 
gas generator G. This reduces the required size of the 
water tank 43 and the required amount of water reserve. 
The remaining gas including gaseous hydrogen dis- 
charged from the anodes can not be released to the 
atmosphere without any treatment. The structure of the 
fifteenth embodiment enables the effective use of the 
remaining gas and thereby enhances the energy effi- 
ciency of the whole fuel cells-based generator system 
350. 

One modification of this embodiment has a valve 
disposed in the middle of the hydrogen discharge path 
352. The valve is switched to an open position only 
when the stack of fuel cells FC is at a stop. In general, 
the released loading and ceased supply of the reaction 
gas result in an immediate stop of the operation of the 
stack of fuel cells FC. There is, however, a time lag, 
before stopping the operation of the gas generator G for 
producing the gaseous fuel through thermal decompo- 
sition. Even after the stack of fuel cells FC is stopped, 
the gas generator G continues producing gaseous 
hydrogen. This lowers the energy efficiency of the fuel 
cells-based generator system. The structure of the fif- 
teenth embodiment, on the other hand, feeds the 
remaining gas to the catalytic reaction vessel 354 when 
the stack of fuel cells FC is at a stop. This enables gas- 
eous hydrogen produced by the gas generator G even 
after a stop of the stack of fuel cells FC to be effectively 
utilized, thereby enhancing the energy efficiency. 

In the above-mentioned embodiment, HI is used as 
a halohydric acid. This HI may bi replaced with HF. HCL, 
HBr, etc. Incidentally, those are obtained by a reaction 
of fluorine, chlorine, bromine and the like with water as 
well as a catalyst. 

Although the present invention has been described 
and illustrated in detail, it is clearly understood that the 



same is by way of illustration and example only and is 
not to be taken by way of limitation, the scope and spirit 
of the present invention being limited only by the terms 
of the appended claims. 

s The present invention provides a fuel cells-based 
generator system that prevents a catalyst in fuel cells 
from being poisoned and a potential on oxygen elec- 
trodes of the fuel cells from lowering, while improving 
the energy efficiency. While l 2 is fed from a halogen tank 

10 41 to a preliminary reaction tank 30 via a first conduit 
33, H 2 0 is fed from a water tank 43 to the preliminary 
reaction tank 30 via a second conduit 34. The prelimi- 
nary reaction tank 30 is heated by the heat transmitted 
from a stack of fuel cells FC, and the reaction expressed 

75 as 

H 2 0 + l 2 ->2HI + (1/2)0 2 

occurs in the preliminary reaction tank 30. HI produced 
so by the above reaction is dissolved in excess H 2 0 and 
fed into a reaction tank 50 via a fourth conduit 36. The 
reaction tank 50 is heated by the heat transmitted from 
the stack of fuel cells FC, and the reaction expressed as 

25 2HI -> H 2 + l 2 

occurs in the reaction tank 50. The gaseous mixture of 
H 2 and l 2 is flown into a hydrogen purifier 60 via a sixth 
conduit 54. The hydrogen purifier 60 separates gaseous 
30 hydrogen H 2 from the gaseous mixture. The gaseous 
hydrogen H 2 is then fed into flows paths of gaseous 
hydrogen in the stack of fuel cells FC. 

Claims 

35 

1 . A fuel cells-based generator system comprising: 

gas producing means comprising heating 
means for generating heat; and a reaction tank 

40 for reserving a halohydric acid and a catalyst 

for accelerating decomposition of the halohy- 
dric acid, said reaction tank producing the 
hydrogen-containing reaction gas by thermal 
decomposition that occurs with the heat from 

45 said heating means; 

a fuel cell comprising a pair of electrodes with a 
catalyst carried thereon, to which a supply of 
the hydrogen-containing reaction gas is fed, 
said fuel cell generating an electromotive force 

so through an electrochemical reaction of the 

reaction gas; and 

a reaction gas supply conduit for feeding the 
reaction gas produced by said gas producing 
means to said fuel cell. 

55 

2. A fuel cells-based generator system in accordance 
with claim 1 , said fuel cells-based generator system 
further comprising: 



on 
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heat transmission means for transmitting heat 
generated by said fuel ceil to said heating 
means. 

3. A fuel cells-based generator system in accordance 5 
with claim 2, wherein said fuel cell is driven at a 
temperature higher than temperature of the thermal 
decomposition occurring in said reaction tank, 

said fuel cells-based generator system further 10 
comprising: 

a cooling water flow path arranged around 
said fuel cell, cooling water being flown 
through said cooling water flow path, is 
said heat transmission means comprising 
circulation means connected to said cool- 
ing water flow path for circulating the cool- 
ing water between said cooling water flow 
path and said heating means. 20 

4. A fuel cells-based generator system in accordance 
with claim 2, wherein said fuel cell is driven at a 
temperature lower than temperature of the thermal 
decomposition occurring in said reaction tank, 25 

said heat transmission means comprising tem- 
perature increasing means for increasing tem- 
perature of the heat generated by said fuel cell 
to be higher than the temperature of the ther- 30 
mal decomposition. 

5. A fuel cells-based generator system in accordance 
with claim 4, said fuel cells-based generator system 
further comprising a cooling water flow path 35 
arranged around said fuel cell, cooling water being 
flown through said cooling water flow path, 

wherein said heat transmission means fur- 
ther comprising: 

40 

a first flow path connected to said cooling water 
flow path for making the cooling water flown to 
said heating means via said temperature 
increasing means when said fuel cell is in oper- 
ation; 45 
a second flow path bypassing said temperature 
increasing means for making the cooling water 
flown through said cooling water flow path to 
said heating means; 

detection means for detecting that said fuel cell so 
is at a stop; and 

control means for. when said detection means 
detects that said fuel cell is at a stop, deactivat- 
ing said first flow path and activating said sec- 
ond flow path. ss 

6. A fuel cells-based generator system in accordance 
with claim 2, wherein said fuel cell is driven at a 
temperature lower than temperature of the thermal 



decomposition occurring in said reaction tank, 

said fuel cells-based generator system further 
comprising: 

a cooling water flow path arranged around said 
fuel cell, cooling water being flown through said 
cooling water flow path; 
detection means for determining that said fuel 
cell is at a stop; and 

feed means for, when said detection means 
detects that said fuel cell is at a stop, feeding 
the cooling water through said cooling water 
flow path to said heating means. 

7. A fuel cells-based generator system in accordance 
with claim 6, said fuel cells-based generator system 
further comprising: 

a reserve tank for reserving a material, from 

which the halohydric acid reserved in said 

reaction tank is produced; and 

means for feeding the cooling water through 

said cooling water flow path to a periphery of 

said reserve tank at a time of stopping said fuel 

cell. 

8. A fuel cells-based generator system in accordance 
with claim 1 , said fuel cells-based generator system 
further comprising: 

a reaction gas discharge path for enabling the 
reaction gas fed to said first electrode of said 
fuel cell to be discharged from said fuel cell; 
and 

closing means for closing said reaction gas dis- 
charge path. 

9. A fuel cells-based generator system in accordance 
with claim 1 , said fuel cells-based generator system 
further comprising: 

water recovery means for condensing water 
vapor evolved from said fuel cell by the electro- 
chemical reaction to recover water; and 
water feed means for feeding the water recov- 
ered by said water recovery means as a mate- 
rial for producing the halohydric acid. 

10. A fuel cells-based generator system in accordance 
with claim 1 , said fuel cells-based generator system 
further comprising: 

a halogen tank for reserving a halogen; 
a water tank for reserving water; and 
feed means for feeding the halogen and water 
from said halogen tank and said water tank to 
said reaction tank, 

wherein said heating means is arranged 
in the vicinity of said reaction tank, 
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said gas producing means further comprising: 
hydrogen purification means for separating 
gaseous hydrogen from the hydrogen-contain- 
ing reaction gas produced by said reaction 
tank. s 

1 1 . A fuel cells-based generator system in accordance 
with daim 10, said fuel cells-based generator sys- 
tem further comprising means for transmitting heat 
generated by said fuel cell to said halogen tank. io 

12. A fuel cells-based generator system in accordance 
with claim 10, said fuel cells-based generator sys- 
tem further comprising means for transmitting heat 
generated by said fuel cell to said water tank. is 



13. A fuel cells-based generator system in accordance 
with claim 10. wherein said gas producing means 
further comprises oxygen purification means for 
separating oxygen from the reaction gas produced 
by said reaction tank, 
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said fuel cells-based generator system further 
comprising an oxygen supply conduit for feed- 
ing the oxygen separated by said oxygen puri- 
fication means to one of said pair of electrodes 
of said fuel cell, said second electrode being 
different from said first electrode that receives a 
supply of the reaction gas. 

14. A fuel cells-based generator system in accordance 
with daim 13, said fuel cells-based generator sys- 
tem further comprising: 

a reaction gas discharge path connected to 
said fuel cell that receives a supply of the reac- 
tion gas from said gas producing means via 
said reaction gas supply conduit, a remaining 
portion of the reaction gas consumed by said 
fuel cell being discharged through said reaction 
gas discharge path; 

an oxygen discharge path connected to said 
fuel cell that receives a supply of oxygen from 
said gas produdng means via said oxygen 
supply conduit, a remaining portion of the oxy- 
gen consumed by said fuel cell being dis- 
charged through said oxygen discharge path; 
a first valve member for regulating a gas flow 
passing through said reaction gas discharge 
path; 

a second valve member for regulating a gas 
flow passing through said oxygen discharge 
path; 

a first pressure sensor for measuring a gas 
pressure in said reaction gas discharge path; 
a second pressure sensor for measuring a gas 
pressure in said oxygen discharge path; and 
control means for regulating valve positions of 
said first valve member and said second valve 
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member, in order to control the pressure differ- 
ence between the gas pressure measured by 
said first pressure sensor and the gas pressure 
measured by said second pressure sensor to a 
predetermined value. 

15. A fuel cells-based generator system in accordance 
with claim 10, wherein said hydrogen purification 
means comprises: 

a filtration membrane for allowing selective per- 
meation of hydrogen, 

said fuel cells-based generator system further 
comprising: 

a reaction gas discharge path connected to 
said fuel cell that receives a supply of the reac- 
tion gas from said gas producing means via 
said reaction gas supply conduit, a remaining 
portion of the reaction gas consumed by said 
fuel cell being discharged through said reaction 
gas discharge path; 

regulating means for regulating a gas flow 
passing through said reaction gas discharge 
path; 

pressure difference detection means for detect- 
ing a pressure difference before and after said 
filtration membrane; and 
control means for controlling said regulating 
means, in order to keep the pressure difference 
detected by said pressure difference detection 
.means within a predetermined range. 

16. A fuel cells-based generator system in accordance 
with claim 13. said fuel cells-based generator sys- 
tem further comprising: 

a reaction gas discharge path connected to 
said fuel cell that receives a supply of the reac- 
tion gas from said gas produdng means via 
said reaction gas supply conduit, a remaining 
portion of the reaction gas consumed by said 
fuel cell being discharged through said reaction 
gas discharge path; 

an oxygen discharge path connected to said 
fuel cell that receives a supply of oxygen from 
said gas producing means via said oxygen 
supply conduit, a remaining portion of the oxy- 
gen consumed by said fuel cell being dis- 
charged through said oxygen discharge path; 
a first valve member for regulating a gas flow 
passing through said reaction gas discharge 
path; 

a second valve member for regulating a gas 
flow passing through said oxygen discharge 
path; 

a first sensor for measuring a gas flow in a flow 
path at an outlet of said hydrogen purification 
means; 

a second sensor for measuring a gas flow in a 
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flow path at an outlet of said oxygen purification 
means; and 

control means for regulating valve positions of 
said first valve member and said second valve 
member, in order to enable a ratio of the gas 
flow measured by said first sensor to the gas 
flow measured by said second sensor to coin- 
cide with a ratio of hydrogen to oxygen con- 
sumed by said fuel cell. 

17. A fuel cells-based generator system in accordance 
with claim 1 . said fuel cells-based generator system 
further comprising: 

a reaction gas discharge path connected to 
sad fuel eel that receives a supply of the reac- 
bon gas from said gas producing means via 
sad reaction gas supply conduit, a remaining 
portion of the reaction gas consumed by said 
fuel ce* betng discharged through said reaction 
gat discharge path, 

wherein sad heating means comprises 
means lor combusting the reaction gas dis- 
charged through said reaction gas discharge 
path to generate heat. 
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material for producing the hatohydric acid. 

21. A method of generating electricity with fuel cells, 
said method comprising the steps of: 

(a) generating heat; 

(b) reserving a halohydric acid produced by a 
reaction of a halogen with water as well as a 
catalyst for accelerating decomposition of the 
halohydric acid, and producing a gaseous mix- 
ture of hydrogen and another substance by 
thermal decomposition with the heat generated 
in said step (a); and 

(c) feeding gaseous hydrogen included in said 
gaseous mixture as a reaction gas to an elec- 
trode with a catalyst carried thereon, and gen- 
erating an electromotive force through an 
electrochemical reaction of the reaction gas 

22. A method in accordance with claim 21, wherein 
said step (b) is carried out by taking advantage of 
heat generated by the electrochemical reaction in 
said step (c). 



18. A fuel cells-based generator system in accordance 
with claim 1 , said fuel cells-based generator system 
further comprising: 

30 ' 

reserve means for reserving the reaction gas 
produced by said gas producing means, 

wherein said heating means comprises 
means for combusting the reaction gas 
reserved in said reserve means to generate 35 
heat. 

19. A fuel cells-based generator system in accordance 
with claim 1 , said fuel cells-based generator system 
further comprising: ao 

reserve means for reserving the reaction gas 
produced by said gas producing means; and 
starting-time reaction gas supply means for 
feeding the reaction gas reserved in said 45 
reserve means to said fuel cell through said 
reaction gas supply conduit at a time of starting 
operation of said fuel cell. 

20. A fuel cells-based generator system in accordance so 
with claim 1 , said fuel cells-based generator system 
further comprising: 



water producing means for producing water 
from a remaining portion of the reaction gas ss 
discharged from said fuel cell and an oxygen- 
containing gas supplied from outside; and 
water feed means for feeding the water pro- 
duced by said water producing means as a 
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